
INFORMATION PROCESSING METHOD, APPARATUS, 

ELECTRONIC DEVICE, STORAGE MEDIUM, AND PROGRAM

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application is based on, and claims benefit of priority to, Chinese 

Application No. 201910775636.6 filed on August 21, 2019. Disclosure of the Chinese 

Application is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] The present disclosure relates to the field of visual inertial navigation 

technology, and relates, but is not limited, to a method and device for information 

processing, electronic equipment, a computer storage medium, and a computer program.

BACKGROUND

[ 0003] Acquiring a six-degree-of-freedom spatial location of a camera in real time is a 

core basic issue in a field such as augmented reality, virtual reality, robotics, and 

autonomous driving. Multi-sensor fusion is an effective way to improve spatial 

positioning accuracy and algorithm robustness. Time offset calibration between sensors is 

the basis for multi-sensor fusion. 

[ 0004] Most mobile equipment (such as a mobile phone, glasses, a tablet, etc.) have

cheap cameras and sensors. There is a time offset between a camera and a sensor, and the 

time offset between the camera and the sensor is dynamically changing (such as every 

time the camera or the sensor is restarted, or with use time), therefore, this poses a great 

challenge to real-time positioning using both the camera and the sensor.

1



SUMMARY

[ 0005] Embodiments of the present disclosure provide a method and device for 

information processing, electronic equipment, a computer storage medium, and a

computer program. 

[ 0006] Embodiments of the present disclosure provide a method for information 

processing, including: 

[ 0007] acquiring collecting time of collecting a first image frame to be processed; 

[ 0008] acquiring calibrated time of the first image frame by correcting the collecting 

time of the first image frame according to currently calibrated time offset information for 

the first image frame; and 

[ 0009] determining a current location based on the first image frame and inertial 

sensor information acquired at the calibrated time of the first image frame.

[ 0010] In some embodiments of the present disclosure, when the first image frame is a

first image frame collected or a second image frame collected, the currently calibrated 

time offset information for the first image frame is an initial time offset. In this way, the 

currently calibrated time offset information may be determined according to the preset 

initial time offset.

[ 0011] In some embodiments of the present disclosure, the method further includes: in 

response to the first image frame being an Nth image frame collected, the N being a 

positive integer greater than 2, 

[ 0012] determining the currently calibrated time offset information for the first image 

frame according to at least two second image frames collected before the collecting time 

of the first image frame. In this way, if the first image frame to be processed is the Nth 

image frame collected by the image collecting device, the currently calibrated time offset 

information for the first image frame may be determined based on second image frames

collected by the image collecting device before the collecting time of the first image 

frame.
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[ 0013] In some embodiments of the present disclosure, determining the currently 

calibrated time offset information for the first image frame according to the at least two 

second image frames collected before the collecting time of the first image frame 

includes: 

[ 0014] acquiring the at least two second image frames collected before the collecting 

time of the first image frame; 

[ 0015] acquiring inertial sensor information collected at calibrated time of each 

second image frame of the at least two second image frames; and 

[ 0016] determining the currently calibrated time offset information for the first image 

frame based on the at least two second image frames and the inertial sensor information 

corresponding to the each second image frame.

[ 0017] In this way, more accurate time offset information may be acquired.

[ 0018] In some embodiments of the present disclosure, determining the currently 

calibrated time offset information for the first image frame based on the at least two 

second image frames and the inertial sensor information corresponding to the each 

second image frame includes: 

[ 0019] determining, in the at least two second image frames, each group of matching 

feature points matching a same image feature, the each group of matching feature points 

including multiple matching feature points; 

[ 0020] determining location information of a matching feature point in the each 

second image frame; and 

[ 0021] determining the currently calibrated time offset information for the first image 

frame based on the inertial sensor information collected at the calibrated time of the each 

second image frame and the location information of the matching feature point in the 

each second image frame.

[ 0022] In this way, the time offset information between the image collecting device

and the inertial sensor device, as well as the corresponding more accurate inertial states
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corresponding to the second image frames after the time offset compensation, may be 

acquired.

[ 0023] In some embodiments of the present disclosure, determining the currently 

calibrated time offset information for the first image frame based on the inertial sensor 

information collected at the calibrated time of the each second image frame and the 

location information of the matching feature point in the each second image frame

includes: 

[ 0024] determining a location of a spatial point in three-dimensional space 

corresponding to the matching feature point in the each second image frame;

[ 0025] determining a projection plane where the each second image frame is located 

according to the inertial sensor information collected at the calibrated time of the each 

second image frame;

[ 0026] acquiring projection information of the spatial point according to the location 

of the spatial point and the projection plane where the each second image frame is 

located; and 

[ 0027] determining the currently calibrated time offset information for the first image 

frame according to the location information of the matching feature point in the each 

second image frame and the projection information.

[ 0028] In this way, the currently calibrated time offset information for the first image 

frame may be determined using the matching feature point information observed at least 

by the two second image frames.

[ 0029] In some embodiments of the present disclosure, the method further includes: 

[ 0030] determining an exposure time error of the matching feature point in the each 

second image frame according to the location information of the matching feature point 

in the each second image frame and a row exposure period of an image collecting device; 

[ 0031] determining a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information; 
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[ 0032] determining a time difference between actual collecting time and the calibrated 

time of the each second image frame according to the exposure time error and the 

calibrated time error, the image collecting device being configured to collect the at least 

two second image frames; and 

[ 0033] determining an inertial state corresponding to the each second image frame by

estimating posture information of the image collecting device according to the time 

difference and the inertial sensor information collected at the calibrated time of the each 

second image frame.

[ 0034] In this way, the posture information of the image collecting device may be 

estimated using the time difference combined with the inertial sensor information of a

second image frame, determining the posture information in an inertial state

corresponding to each second image frame.

[ 0035] In some embodiments of the present disclosure, determining the currently 

calibrated time offset information for the first image frame according to the at least two 

second image frames collected before the collecting time of the first image frame 

includes: 

[ 0036] acquiring last calibrated time offset information for the at least two second 

image frames; 

[ 0037] determining a limit of the currently calibrated time offset information for the 

first image frame according to a calibrated time error between the currently calibrated 

time offset information for the first image frame and the last calibrated time offset 

information; and 

[ 0038] determining the currently calibrated time offset information for the first image 

frame according to the limit of the currently calibrated time offset information for the 

first image frame.

[ 0039] In this way, the currently calibrated time offset information may be expressed 

as a variable, and the limit may be used as a constraint to the currently calibrated time

offset information.
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[ 0040] In some embodiments of the present disclosure, determining the limit of the 

currently calibrated time offset information for the first image frame according to the 

calibrated time error between the currently calibrated time offset information for the first

image frame and the last calibrated time offset information includes: 

[ 0041] in response to the calibrated time error being less than or equal to a preset time 

error, determining that the limit of the currently calibrated time offset information for the 

first image frame is zero; and 

[ 0042] in response to the calibrated time error being greater than the preset time error, 

determining the limit of the currently calibrated time offset information for the first 

image frame according to the calibrated time error and a preset time offset weight.

[ 0043] In this way, the range of change in the time offset information may be limited,

ensuring accuracy in time offset information estimation.

[ 0044] In some embodiments of the present disclosure, determining the current 

location based on the first image frame and the inertial sensor information acquired at the 

calibrated time of the first image frame includes: 

[ 0045] determining first relative location information representing a location change 

relation of an image collecting device based on the first image frame and a second image 

frame collected before the collecting time of the first image frame; 

[ 0046] determining second relative location information representing the location 

change relation of the image collecting device based on the inertial sensor information 

acquired at the calibrated time of the first image frame and an inertial state corresponding 

to the second image frame; and 

[ 0047] determining the current location according to the first relative location 

information and the second relative location information.

[ 0048] In this way, the inertial state (corrected value) corresponding to the first image 

frame may be acquired according to the difference between the first relative location 

information and the second relative location information. The current location may be 
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determined according to the inertial state (corrected value) corresponding to the first 

image frame.

[ 0049] In some embodiments of the present disclosure, acquiring the calibrated time 

of the first image frame by correcting the collecting time of the first image frame 

according to the currently calibrated time offset information for the first image frame 

includes: 

[ 0050] acquiring the calibrated time of the first image frame by correcting the 

collecting time of the first image frame according to the currently calibrated time offset 

information for the first image frame and an exposure duration of the first image frame.

[ 0051] In this way, the time offset information for the first image frame to be 

processed may be determined using previously collected second image frames, and the 

time offset information is continuously adjusted and corrected as the collected image 

frame changes, thereby ensuring accuracy of the time offset information.

[ 0052] Embodiments of the present disclosure also provides a device for information 

processing, including: 

[ 0053] an acquiring module configured to acquire collecting time of collecting a first 

image frame to be processed; 

[ 0054] a correcting module configured to acquire calibrated time of the first image 

frame by correcting the collecting time of the first image frame according to currently 

calibrated time offset information for the first image frame; and 

[ 0055] a positioning module is configured to determine a current location based on the 

first image frame and inertial sensor information acquired at the calibrated time of the 

first image frame.

[ 0056] In some embodiments of the present disclosure, when the first image frame is a

first image frame collected or a second image frame collected, the currently calibrated 

time offset information for the first image frame is an initial time offset.

[ 0057] In some embodiments of the present disclosure, when the first image frame is
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an Nth image frame collected, the N being a positive integer greater than 2, the device 

further includes: 

[ 0058] a determining module configured to determine the currently calibrated time 

offset information for the first image frame according to at least two second image 

frames collected before the collecting time of the first image frame.

[ 0059] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 0060] acquire the at least two second image frames collected before the collecting 

time of the first image frame; 

[ 0061] acquire inertial sensor information collected at calibrated time of each second 

image frame of the at least two second image frames; and 

[ 0062] determine the currently calibrated time offset information for the first image 

frame based on the at least two second image frames and the inertial sensor information 

corresponding to the each second image frame.

[ 0063] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 0064] determine, in the at least two second image frames, each group of matching 

feature points matching a same image feature, wherein the each group of matching 

feature points includes multiple matching feature points; 

[ 0065] determine location information of a matching feature point in the each second 

image frame; and 

[ 0066] determine the currently calibrated time offset information for the first image 

frame based on the inertial sensor information collected at the calibrated time of the each 

second image frame and the location information of the matching feature point in the 

each second image frame.

[ 0067] In some embodiments of the present disclosure, the determining module is 
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specifically configured to:

[ 0068] determine a location of a spatial point in three-dimensional space 

corresponding to the matching feature point in the each second image frame;

[ 0069] determine a projection plane where the each second image frame is located 

according to the inertial sensor information collected at the calibrated time of the each 

second image frame;

[ 0070] acquire projection information of the spatial point according to the location of 

the spatial point and the projection plane where the each second image frame is located; 

and 

[ 0071] determine the currently calibrated time offset information for the first image 

frame according to the location information of the matching feature point in the each 

second image frame and the projection information.

[ 0072] In some embodiments of the present disclosure, the determining module is 

further configured to:

[ 0073] determine an exposure time error of the matching feature point in the each 

second image frame according to the location information of the matching feature point 

in the each second image frame and a row exposure period of an image collecting device; 

[ 0074] determine a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information; 

[ 0075] determine a time difference between actual collecting time and the calibrated 

time of the each second image frame according to the exposure time error and the 

calibrated time error, wherein the image collecting device is configured to collect the at 

least two second image frames; and 

[ 0076] determine an inertial state corresponding to the each second image frame by 

estimating posture information of the image collecting device according to the time 

difference and the inertial sensor information collected at the calibrated time of the each 

second image frame.
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[ 0077] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 0078] acquire last calibrated time offset information for the at least two second image 

frames; 

[ 0079] determine a limit of the currently calibrated time offset information for the first 

image frame according to a calibrated time error between the currently calibrated time 

offset information for the first image frame and the last calibrated time offset 

information; and 

[ 0080] determine the currently calibrated time offset information for the first image 

frame according to the limit of the currently calibrated time offset information for the 

first image frame.

[ 0081] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 0082] in response to the calibrated time error being less than or equal to a preset time 

error, determine that the limit of the currently calibrated time offset information for the 

first image frame is zero; and 

[ 0083] in response to the calibrated time error being greater than the preset time error, 

determine the limit of the currently calibrated time offset information for the first image 

frame according to the calibrated time error and a preset time offset weight.

[ 0084] In some embodiments of the present disclosure, the positioning module is 

specifically configured to:

[ 0085] determine first relative location information representing a location change 

relation of an image collecting device based on the first image frame and a second image 

frame collected before the collecting time of the first image frame; 

[ 0086] determine second relative location information representing the location 

change relation of the image collecting device based on the inertial sensor information 

acquired at the calibrated time of the first image frame and an inertial state corresponding 
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to the second image frame; and 

[ 0087] determine the current location according to the first relative location 

information and the second relative location information.

[ 0088] In some embodiments of the present disclosure, the correcting module is 

specifically configured to:

[ 0089] acquire the calibrated time of the first image frame by correcting the collecting 

time of the first image frame according to the currently calibrated time offset information 

for the first image frame and an exposure duration of the first image frame.

[ 0090] Embodiments of the present disclosure provide electronic equipment, 

including: 

[ 0091] a processor; and 

[ 0092] a memory configured to store processor-executable instructions.

[ 0093] The processor is configured to implement the method for information 

processing herein.

[ 0094] Embodiments of the present disclosure provide a computer-readable storage 

medium having stored thereon computer program instructions which, when executed by a 

processor, implement any method for information processing herein.

[ 0095] Embodiments of the present disclosure also provides a computer program, 

including a computer readable code which, when run in electronic equipment, allows a 

processor in the electronic device to implement any method for information processing

herein.

[ 0096] In embodiments of the present disclosure, collecting time of collecting a first 

image frame to be processed may be acquired; then, calibrated time of the first image 

frame may be acquired by correcting the collecting time of the first image frame 

according to currently calibrated time offset information for the first image frame. Given 

impact of a reason such as an error, there will be a certain time offset in the collecting 
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time of the first image frame.  Accordingly, the collecting time of the first image frame 

may be corrected to acquire a more accurate calibrated time. Then, a current location is

determined in real time using the inertial sensor information acquired at the calibrated 

time and the first image frame, improving positioning accuracy.

[ 0097] It should be understood that the general description above and the elaboration 

below are exemplary and explanatory only, and do not limit the present disclosure.

[ 0098] Other characteristics and aspects of the present disclosure will become clear 

according to detailed description of exemplary embodiments made below with reference 

to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0099] Drawings here are incorporated in and constitute part of the specification, 

illustrate embodiments in accordance with the present disclosure, and together with the 

specification, serve to explain the principle of the present disclosure. 

[ 00100] FIG. 1 is a flowchart of a method for information processing according to an 

embodiment of the present disclosure.

[ 00101] FIG. 2 is a flowchart of a process of determining time offset information of a 

first image frame according to an embodiment of the present disclosure.

[ 00102] FIG. 3 is a block diagram of acquiring a second image frame according to an

embodiment of the present disclosure.

[ 00103] FIG. 4 is a flowchart of determining time offset information based on a second 

image frame and inertial sensor information according to an embodiment of the present 

disclosure.

[ 00104] FIG. 5 is a flowchart of determining an inertial state corresponding to each 

second image frame according to an embodiment of the present disclosure.

[ 00105] FIG. 6 is a block diagram of a time shift of an inertial sensor device and an
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image collecting device according to an embodiment of the present disclosure.

[ 00106] FIG. 7 is a flowchart of determining time offset information based on location

information and an inertial state according to an embodiment of the present disclosure.

[ 00107] FIG. 8 is a flowchart of determining time offset information according to an

embodiment of the present disclosure.

[ 00108] FIG. 9 is a block diagram of a device for information processing according to 

an embodiment of the present disclosure.

[ 00109] FIG. 10 is a block diagram of an example of electronic equipment according to 

an embodiment of the present disclosure.

DETAILED DESCRIPTION

[ 00110] Exemplary embodiments, characteristics, and aspects of the present disclosure 

are elaborated below with reference to the drawings. Same reference signs in the 

drawings represent elements with the same or similar functions. Although various aspects 

of the embodiments are illustrated in the drawings, the drawings are not necessarily to 

scale unless expressly pointed out otherwise.

[ 00111] The dedicated word "exemplary" refers to "as an example or an embodiment, 

or for descriptive purpose". Any embodiment illustrated herein as being "exemplary" 

should not be construed as being preferred to or better than another embodiment.

[ 00112] A term “and / or” herein merely describes an association between associated 

objects, indicating three possible relationships. For example, by G and / or H, it may 

mean that there may be three cases, namely, existence of but G, existence of both G and 

H, or existence of but H. In addition, a term "at least one" herein means any one of 

multiple, or any combination of at least two of the multiple. For example, including at 

least one of G, H, and R may mean including any one or more elements selected from a 

set composed of G, H, and R.
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[ 00113] Moreover, a great number of details are provided in embodiments below for a 

better understanding of the present disclosure. A person having ordinary skill in the art 

may understand that the present disclosure may be implemented without some details. In 

some embodiments, a method, means, an element, a circuit, etc., that is well-known to a 

person having ordinary skill in the art may not be elaborated in order to highlight the 

main point of the present disclosure.

[ 00114] The method for information processing provided by embodiments of the 

present disclosure may acquire collecting time of collecting a first image frame to be 

processed. The first image frame may be acquired by an image collecting device, at

collecting time which may be time before exposure, time during the exposure, or time 

when the exposure ends when the image collecting device collects the first image frame.

Due to misalignment of two clocks of the image collecting device and an inertial sensor 

device, there will be a certain time offset between the collecting time of the first image 

frame and collecting time of collecting inertial sensor information, resulting in 

mismatching collecting time of the two. When positioning is performed using the first 

image frame and the inertial sensor information acquired at the collecting time, the 

positioning information acquired is not accurate enough. Therefore, calibrated time of the 

first image frame may be acquired by correcting the collecting time of the first image 

frame according to currently calibrated time offset information for the first image frame.

Then, the calibrated time and an inertial state corresponding to the first image frame is 

further corrected based on inertial sensor information acquired at the calibrated time of 

the first image frame, the first image frame, multiple second image frames collected 

before and corresponding inertial sensor information thereto, to acquire accurate current 

location information. In other words, positioning and time offset correction may be 

performed at the same time. Current location information may be determined by

accumulating collected calibrated image frames and inertial sensor information. Time 

offset information of an image frame and the corresponding inertial state are determined 

by inertial sensor information and image frames calibrated before the image frame, and 

so on, thereby acquiring more accurate time offset information.

[ 00115] In related art, the time offset between the image collecting device and the 

inertial sensor is usually calibrated by offline calibration, but this method cannot calibrate 
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the time offset in real time. In some related art, although the time offset may be calibrated 

in real time, there are some limitations. For example, it is not applicable to a scene of 

non-linear optimization, or an image feature point has to be tracked continuously. The 

information processing solution provided by embodiments of the present disclosure may 

not only calibrate the time offset in real time, but also be applicable to a scene of non-

linear optimization. In addition, it is also applicable to an image collecting device of any 

shutter, such as a camera with a rolling shutter. In addition, it poses no requirement on an

image feature point tracking mode and the time interval between two image frames under

processing. An information processing solution provided by embodiments of the present 

disclosure is described below.

[ 00116] FIG.1 shows a flowchart of a method for information processing according to 

an embodiment of the present disclosure. The method for information processing may be 

executed by terminal equipment, a server, or other information processing equipment.

Terminal equipment may be User Equipment (UE), mobile equipment, a user terminal, a

terminal, a cell phone, a cordless phone, a Personal Digital Assistant (PDA), handheld 

equipment, computing equipment, on-board equipment, wearable equipment, etc. In 

some possible implementations, the method for information processing may be 

implemented by a processor calling computer-readable instructions stored in memory. 

The method for information processing in embodiments of the present disclosure is 

described below by taking information processing equipment as an example.

[ 00117] As shown in FIG. 1, the method includes steps as follows.

[ 00118] In S11, collecting time of collecting a first image frame to be processed is 

acquired.

[ 00119] In embodiments of the present disclosure, the information processing 

equipment may acquire the first image frame collected by the image collecting device 

and the collecting time of the first image frame. The first image frame may be an image 

frame to be processed waiting for time offset calibration. The collecting time of the first 

image frame may be the time when the image collecting device collects the first image 

frame. For example, the collecting time of the first image frame may be time before 

exposure, time during the exposure, or time when the exposure ends when the image 
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collecting device collects the first image frame.

[ 00120] Here, the image collecting device may be installed on the information 

processing equipment, and the image collecting device may be a device with a 

photographing function, such as a webcam, a camera, and the like. The image collecting 

device may collect an image of a scenery in real time, and transmit a collected image 

frame to the information processing equipment. The image collecting device may also be 

set separately from the information processing equipment, and transmit a collected image 

frame to the information processing equipment through wireless communication. The 

information processing equipment may be equipment with a positioning function, and 

there may be multiple positioning modes. For example, the information processing 

equipment may process an image frame collected by the image collection device, and 

determine a current location according to the image frame. The information processing 

equipment may also acquire inertial sensor information detected by inertial sensor 

equipment, and determine the current location according to the inertial sensor 

information. The information processing equipment may also combine the image frame 

and the inertial sensor information, and determine the current location according to the 

image frame and the inertial sensor information.

[ 00121] In S12, calibrated time of the first image frame is acquired by correcting the 

collecting time of the first image frame according to currently calibrated time offset 

information for the first image frame.

[ 00122] In embodiments of the present disclosure, the information processing 

equipment may acquire the latest time offset information in a storage device, and

calibrate the collecting time of the first image frame using the latest time offset 

information as the currently calibrated time offset information for the first image frame.

Time offset information may be a time offset existing between the image collecting 

device and the inertial sensor device.

[ 00123] In some embodiments of the present disclosure, S12 may include that the 

calibrated time of the first image frame is acquired by correcting the collecting time of 

the first image frame according to the currently calibrated time offset information for the 

first image frame and an exposure duration of the first image frame. As the exposure
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duration of the first image frame may not be considered when the first image frame is 

acquired, when the collecting time of the first image frame is calibrated, in order to 

calibrate the time more accurately, the exposure duration of the first image frame may 

also be acquired, and the collecting time of the first image frame is corrected combining

the currently calibrated time offset information acquired for the first image frame and the

exposure duration, acquiring a more accurate calibrated time of the first image frame. 

Here, the time of the inertial sensor information detected by the inertial sensor device

may be used as a reference. When the collecting time of the first image frame is 

corrected, the collecting time of the first image frame may be converted into the middle

time point of the exposure of the first image frame. Combined with the time offset 

information, the calibrated time of the first image frame may be expressed by the 

following formula (1):

[ 00124]

e
c c d

t
T =t + +t

2 (1); 

[ 00125] cT may represent the calibrated time of the first image frame; ct may 

represent the collecting time of the first image frame before exposure; et may represent 

the exposure duration of the first image frame, and dt may represent the currently 

calibrated time offset information acquired for the first image frame. The exposure 

duration may be collected by the image collecting device. For example, when the image 

collecting device uses a global shutter, or considers inclusion of no impact from the 

exposure duration, the exposure duration may be 0; when the image collecting device

uses a rolling shutter, the exposure duration may be determined according to a row 

exposure period and a pixel height of an image frame. If the rolling shutter reads one row 

of pixels at a time, the row exposure period may be the time for the rolling shutter to read 

one row of pixels at a time.

[ 00126] In S13, a current location is determined based on the first image frame and 

inertial sensor information acquired at the calibrated time of the first image frame.

[ 00127] In embodiments of the present disclosure, the information processing 
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equipment may acquire the inertial sensor information detected by the inertial sensor 

device at the calibrated time of the first image frame, and then may combine the acquired

inertial sensor information with the collected first image frame, acquiring the location 

information of the current location. The inertial sensor device here may be a device that 

detects the motion state of an object, such as an inertial sensor, an angular rate gyroscope, 

an accelerometer, and the like. The inertial sensor device may detect inertial sensor 

information such as a 3-axis angular velocity, a 3-axis acceleration of a moving object. 

The inertial sensor device may be set on the information processing equipment, and 

connected with the information processing equipment in a wired manner, and the inertial 

sensor information detected in real time to the information processing equipment. 

Alternatively, the inertial sensor device may be set separately from the information 

processing equipment, and transmit the inertial sensor information detected in real time

to the information processing equipment through wireless communication.

[ 00128] In some embodiments of the present disclosure, when determining the current 

location based on the first image frame and the inertial sensor information, the following 

may be included: determining first relative location information representing a location 

change relation of an image collecting device based on the first image frame and a 

second image frame collected before the collecting time of the first image frame; 

determining second relative location information representing the location change 

relation of the image collecting device based on the inertial sensor information acquired 

at the calibrated time of the first image frame and an inertial state corresponding to the 

second image frame; and determining the current location according to the first relative 

location information and the second relative location information.

[ 00129] In some embodiments, the location information of a matching feature point as

projection of a spatial point in the first image frame and the second image frame may be 

determined, and the location change relation of the image collecting device in the process 

that the image collecting device collects the first image frame and the second image 

frame may be determined according to information on the location of the matching 

feature point in the first image frame. The location transformation relation may be 

represented by the first relative location information. Here, an inertial state may be a 

parameter representing a motion state of an object. The inertial state may include a
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parameter such as a location, a pose, a velocity, an acceleration bias, an angular velocity 

bias, etc., and the inertial state corresponding to the second image frame may be the 

inertia state acquired after time offset compensation (corrected value).

[ 00130] The inertial state corresponding to the second image frame is taken as the 

initial value for integration, and the inertial sensor information acquired at the calibrated 

time of the first image frame is integrated, acquiring the estimated inertial state 

(estimated value) corresponding to the first image frame. From the inertial state 

(estimated value) corresponding to the first image frame and the inertial state (corrected 

value) corresponding to the second image frame, the location change relation of the 

image collecting device in the process that the image collecting device collects the first 

image frame and the second image frame may be determined. The location 

transformation relation may be represented by the second relative location information.

The inertial state (corrected value) corresponding to the first image frame may be 

acquired according to the difference between the first relative location information and 

the second relative location information. The current location may be determined 

according to the inertial state (corrected value) corresponding to the first image frame.

[ 00131] In some embodiments, the first image frame and the second image frame 

collected by the image collecting device may be preprocessed, acquiring matching 

feature points projected in the first image frame and the second image frame; in an 

implementation, in each image frame, a feature point and/or descriptor may be quickly 

extracted. For example, a feature point may be a corner point of Features From 

Accelerated Segment Test (FAST), and a descriptor may be a BRIEF descriptor. After 

extracting the feature point and/or descriptor, tracking a feature point from the second 

image frame to the first image frame may be implemented using a sparse optical flow 

method, and a feature of a frame of a sliding window may be tracked using the descriptor 

and the feature of the first image frame; Finally, a wrong matching feature point may be

removed using an epipolar geometric constraint.

[ 00132] It should be noted that, given limited processing resources of common mobile 

equipment, each first image frame is not necessarily processed within each time interval 

to acquire location information, which may reduce the power consumption of the 
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information processing equipment. For example, the processing frequency of processing

the first image frame may be set to 10 Hz. The first image frame to be processed is 

acquired at a frequency of 10 Hz, and positioning is performed based on the first image 

frame and inertial sensor information. When the first image frame is not processed, 

inertial sensor information may be used to estimate the current location.

[ 00133] With the method for information processing provided by embodiments of the 

present disclosure, the collecting time of the first image frame to be processed is

corrected. The location preliminarily estimated using the inertial sensor information is 

corrected by combining the inertial sensor information acquired at the corrected 

calibrated time and the first image frame, determining accurate location information of 

the current location, improving positioning accuracy.

[ 00134] In embodiments of the present disclosure, when the collecting time of the first 

image frame is corrected, the time offset information for the first image frame may be 

acquired first. The time offset information here may change with the image frame and the 

inertial sensor information. That is to say, the time offset information is not invariant, and 

the time offset information may be updated every certain time interval. The offset 

information is continuously adjusted along with the movement of the information 

processing equipment, thereby ensuring accuracy of the calibrated time acquired by

calibrating the time offset information. The process of determining the currently 

calibrated time offset information for the first image frame will be described below.

[ 00135] In some embodiments of the present disclosure, when the first image frame is a

first image frame collected or a second image frame collected, the currently calibrated 

time offset information for the first image frame is an initial time offset. Here, the initial 

value of the time offset or the initial time offset may be set in advance, such as according 

to the result of offline calibration, or according to the result of online calibration 

previously used. For example, the initial value of time offset is set to 0.05s, 0.1 s. If there

is no preset initial time offset, the initial time offset may be 0s. The offline calibration 

here may be non-real-time time offset calibration, and the online calibration may be real-

time time offset calibration.

[ 00136] In some embodiments of the present disclosure, when the first image frame is 
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an Nth image frame collected, the N being a positive integer greater than 2, before 

acquiring the calibrated time of the first image frame by correcting the collecting time of 

the first image frame according to the currently calibrated time offset information for the 

first image frame and an exposure duration of the first image frame, the currently 

calibrated time offset information for the first image frame may be determined according 

to at least two second image frames collected before the collecting time of the first image 

frame.

[ 00137] Here, if the first image frame to be processed is the Nth image frame collected 

by the image collecting device, the currently calibrated time offset information for the 

first image frame may be determined based on second image frames collected by the 

image collecting device before the collecting time of the first image frame. For example, 

if the first image frame to be processed is the third image frame collected, the time offset 

information for the first image frame may be determined based on the first image frame 

collected and the second image frame collected. In this way, the time offset information 

for the first image frame to be processed may be determined using previously collected 

second image frames, and the time offset information is continuously adjusted and 

corrected as the collected image frame changes, thereby ensuring accuracy of the time 

offset information. 

[ 00138] FIG.2 shows a flowchart of a process of determining time offset information of 

a first image frame according to an embodiment of the present disclosure.

[ 00139] In S21, the at least two second image frames collected before the collecting 

time of the first image frame may be acquired.

[ 00140] Here, a second image frame may be an image frame collected by the image 

collecting device before the collecting time of the first image frame. The information 

processing equipment may acquire at least two second image frames within a preset time 

period. The acquired at least two second image frames may respectively have matching 

feature points for matching image features. In order to ensure the accuracy of the time 

offset information, the acquired at least two second image frames may be image frames 

collected close to the collecting time of the first image frame. For example, a fixed time 

interval may be used as a determining period of determining time offset information. 
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When determining the time offset information for the first image frame to be processed,

at least two second image frames collected within the determined period closest to the 

collecting time of the first image frame may be acquired.

[ 00141] FIG.3 shows a block diagram of acquiring a second image frame according to 

an embodiment of the present disclosure. As shown in FIG. 3, at least two second image 

frames may be acquired at regular intervals. If the collecting time of the first image frame 

is at point A, the second image frame may be an image frame collected within the first 

determining period. If the collecting time of the first image frame is at point B, the 

second image frame may be an image frame collected within the second determining 

period. Here, in order to ensure the processing speed of the algorithm, the number of 

second image frames acquired in each time interval may be fixed. After the number of 

second image frames exceeds a number threshold, a second image frame collected first 

may be deleted, or a second image frame last collected may be deleted. In order to ensure 

as little loss of information of the second image frame as possible, the feature point and 

the inertial state corresponding to a deleted second image frame may be marginalized, 

that is, a priori information may be formed based on the inertial state corresponding to 

the deleted second image frame, and participate in optimizing a computing parameter

used during positioning.

[ 00142] In some embodiments, a computing parameter used during positioning may be 

optimized by nonlinear optimization. Nonlinear optimization mainly is: computing 

inertial measurement energy, visual measurement energy, time offset energy, and a priori 

energy generated by last marginalization (if it is the first optimization, the a priori energy

may be set a priori as needed), and then iteratively solving any state variable to be 

optimized to acquire the latest state variable. The item of visual measurement energy 

contains a time parameter to be calibrated; An overall state variable of nonlinear 

optimization in a sliding window is 0 1 0 1S [ , ,... , , ,... , , ]n k d rX X X P P P t t . When i takes 

1 to n, the state variable of the inertial sensor device
[P,q,V, , ]i a gX B B

. The n is an 

integer greater than 1. The P is the location of the inertial sensor device. The q is the pose

of the inertial sensor device. The V is the velocity of the inertial sensor device. The Ba is 

the acceleration bias of the inertial sensor device. The Bg is the gyroscope bias of the 

22



inertial sensor device; when j is 0 to k, Pj is a visual feature, which may be parameterized 

as a 3D location in a global coordinate system or an inverse depth of an initial 

observation visual frame. The k is an integer greater than or equal to 1; td is the time 

offset between the image collecting device and the inertial sensor device. The tr may 

represent a row exposure time of a rolling shutter camera. Here, if the image collecting 

device is a global shutter, tr is equal to zero. If the row exposure time of the rolling 

shutter camera may be directly read, tr may be the row exposure time read. Otherwise, tr

may be used as a variable in the formula.

[ 00143] In S22, inertial sensor information collected at calibrated time of each second 

image frame of the at least two second image frames may be acquired.

[ 00144] The inertial sensor information may be measured by the inertial sensor device

according to the motion of the information processing equipment. In order to ensure the 

accuracy and observability of the time offset information, multiple second image frames 

and the inertial sensor information corresponding to the second image frames may be 

used. That is, consider not only the second image frames collected before the first image 

frame, but also inertial sensor information acquired before the first image frame. The 

inertial sensor information may be the inertial sensor information acquired by the inertial 

sensor device at the calibrated time of each second image frame. The calibrated time of a

second image frame may be acquired by correcting the collecting time of the second 

image frame according to the time offset information for the second image frame (or 

combined with the exposure duration). The process of determining the calibrated time of 

a second image frame is the same as the process of determining the calibrated time of the 

first image frame, which will not be repeated here.

[ 00145] Here, the inertial sensor device may include an accelerometer and a gyroscope, 

and the inertial sensor information may include a 3-axis acceleration and a 3-axis angular 

velocity. By integrating the acceleration and the angular velocity, information such as a

rotation angle, a speed of the current motion state may be acquired.

[ 00146] In S23, the currently calibrated time offset information for the first image 

frame may be determined based on the at least two second image frames and the inertial 

sensor information corresponding to the each second image frame.
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[ 00147] Here, after acquiring the at least two second image frames and the inertial 

sensor information, the second image frames and the inertial sensor information may be 

combined to determine the time offset information for the first image frame. For 

example, relative location information representing a location change relation in an 

image collecting process may be determined according to the at least two second image 

frames. Relative location information representing a location change relation in an image 

collecting process may be determined according to acquired inertial sensor information. 

Then, the time offset information between the image collecting device and the inertial 

sensor device may be acquired according to the difference between the two pieces of 

relative location information. In addition, an inertial state corresponding to collecting

each second image frame after time offset compensation may be acquired. The location 

of the information processing equipment when collecting each second image frame may 

be determined using the inertial state corresponding to collecting each second image 

frame after time offset compensation.

[ 00148] FIG.4 shows a flowchart of determining time offset information based on a 

second image frame and inertial sensor information according to an embodiment of the 

present disclosure. As shown in FIG. 4, the S23 may include steps as follows.

[ 00149] In S231, in the at least two second image frames, each group of matching 

feature points matching a same image feature may be determined. The each group of 

matching feature points may include multiple matching feature points.

[ 00150] Here, the information processing equipment may extract feature points in each 

second image frame. For each second image frame, an image feature of a feature point in 

the second image frame is matched to an image feature of a feature point in another 

second image frame to determine, in multiple second image frames, each group of 

matching feature points matching a same image feature. Each group of matching feature

points may include multiple matching feature points respectively from the multiple 

second image frames. There may be multiple groups of matching feature points matching 

the same image feature.

[ 00151] For example, suppose that two second image frames are acquired, namely an 

image frame A and an image frame B. Feature points extracted from the image frame A 
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are a, b, and c. Feature points extracted from the image frame B are d, e and f.

Accordingly, image features of feature points a, b, and c may be matched to image 

features of feature points d, e, and f. If the image feature of the feature point a matches 

the image feature of the feature point e, then the feature points a and e may form a group 

of matching feature points, and the feature point a and the feature point e are matching 

feature points, respectively.

[ 00152] In S232, location information of a matching feature point in the each second 

image frame may be determined.

[ 00153] Here, location information of a matching feature point may be the image 

location of the matching feature point in the second image frame. For each group of 

matching feature points, the location information of the matching feature point in each 

second image frame may be determined. For example, the location information may be 

the row and the column corresponding to the pixel point where the matching feature 

point is located, such as in the example, the row and the column where the feature point a 

is located in the image frame A, and the row and the column where the feature point e is 

located in the image frame B.

[ 00154] In S233, the currently calibrated time offset information for the first image 

frame may be determined based on the inertial sensor information collected at the 

calibrated time of the each second image frame and the location information of the 

matching feature point in the each second image frame.

[ 00155] Here, a second image frame may be an image frame collected close to the 

collecting time of the first image frame. According to the inertial sensor information 

acquired at the calibrated time of the second image frame, the preliminary estimated 

inertial state corresponding to the second image frame may be determined. Combining 

the determined preliminary estimated inertial state corresponding to the second image 

frame with the location information of a matching feature point in the second image 

frame, the currently calibrated time offset information for the first image frame may be 

determined. The inertial state corresponding to the second image frame may be construed 

as the inertial state of the information processing equipment at the calibrated time of the 

second image frame. An inertial state may include a parameter such as a location, a pose, 
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and a velocity. When determining the preliminary estimated inertial state corresponding 

to the second image frame, the inertial state of the information processing equipment

determined after time offset compensation in the fixed period before the fixed period in 

which the second image frame is located may be acquired. Taking the compensated 

inertial state as the initial value, integration processing is performed on the inertial sensor 

information acquired at the calibrated time of the second image frame, acquiring the 

inertial state corresponding to the second image frame preliminarily estimated using the 

inertial sensor information. Here, the inertial state may be a parameter such as a location, 

a pose, a velocity, an acceleration bias, an angular velocity bias, etc.

[ 00156] When determining time offset information calibrated for the first image frame, 

taking two second image frames as an example, according to the location information of 

matching feature points in the second image frames, the change in the relative location of 

the information processing equipment within the time interval may be determined. The 

change in the relative location of the information processing equipment within the time 

interval may be determined according to the preliminary estimated inertial state within 

the time interval. Then, according to the difference between the two changes in the

relative location, the time offset information between the image collecting device and the 

inertial sensor device, as well as the corresponding more accurate inertial states

corresponding to the second image frames after the time offset compensation, may be 

acquired.

[ 00157] FIG.5 shows a flowchart of determining an inertial state corresponding to each

second image frame near the calibrated time according to an embodiment of the present 

disclosure. As shown in FIG. 5, in a possible implementation, the S233 may include steps 

as follows.

[ 00158] In S2331, an exposure time error of the matching feature point in the each 

second image frame may be determined according to the location information of the 

matching feature point in the each second image frame and a row exposure period of an 

image collecting device.

[ 00159] In S2332, a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information may be 
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determined.

[ 00160] In S2333, a time difference between actual collecting time and the calibrated 

time of the each second image frame may be determined according to the exposure time 

error and the calibrated time error. The image collecting device may be configured to 

collect the at least two second image frames.

[ 00161] In S2334, an inertial state corresponding to the each second image frame may 

be determined by estimating posture information of the image collecting device 

according to the time difference and the inertial sensor information collected at the 

calibrated time of the each second image frame.

[ 00162] In this possible implementation, with a certain time offset, the calibrated time

of a second image frame has a time difference with the actual collecting time of the 

second image frame. Accordingly, the time difference between the actual collecting time 

and the calibrated time of a second image frame may be determined using the time of the 

inertial sensor information as a reference. Then, the posture information of the image 

collecting device may be estimated using the time difference combined with the inertial 

sensor information of a second image frame, determining the posture information in an 

inertial state corresponding to each second image frame.

[ 00163] FIG.6 shows a block diagram of a time shift of an inertial sensor device and an

image collecting device according to an embodiment of the present disclosure. The steps 

S2331 to S2334 will be described below with reference to FIG. 6. Taking the image 

collecting device being a rolling shutter camera as an example, due to errors in the 

exposure time and calibrated time of the image collecting device, there is a time 

difference between the actual collecting time of a second image frame and the calibrated 

time of the second image frame. Taking the time of the inertial sensor device as a 

reference, the time difference between the actual collecting time and the calibrated time

of a second image frame may be expressed by formula (2):

[ 00164]
dt=

2d d r

h
t t r t

(2); 
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[ 00165] The dt may represent the time difference. d dt t may represent a calibrated 

time error between the currently calibrated time offset information and the last calibrated 

time offset information. dt may represent the currently calibrated time offset information.

dt may represent the last calibrated time offset information. The last calibrated time offset 

information may be the time offset information acquired by a determining period before

the determining period of the current calibrated time. 2 r

h
r t

may represent the 

exposure time error of the matching feature point in the second image frame. r may 

represent the row number of the pixel in the second image frame where the matching 

feature point is located. h may represent the pixel height of the second image frame, that 

is, the total number of rows. The exposure time error is for correcting a time error caused 

by the exposure time of each row of pixels in the second image frame. A person having 

ordinary skill in the art may set a mode of computing the exposure time error flexibly 

according to the type of the image collecting device or as needed for correction.

[ 00166] Using a uniform speed model, it may be assumed that the image collecting 

device moves at a uniform speed within the time difference. Then, the location of the 

image collecting device acquired from a certain matching feature point i in the second 

image frame may be expressed by formula (3):

[ 00167] i iP (t dt) P (t) dt Vi (3); 

[ 00168] iP may represent the location of the image collecting device estimated at time

t dt . Pi may represent the location of the image collecting device at time t. Here, the

time t may be the calibrated time after calibration. iV is the estimated speed in the 

inertial state. i may represent the i-th matching feature point, and is a positive integer.

[ 00169] The pose of the image collecting device acquired from a certain matching 

feature point i in the second image frame is expressed by formula (4):
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[ 00170] iq w dti iq q
(4); 

[ 00171] iq may represent the estimated pose of the image collecting device at time 

t+dt. iq may represent the pose of the image collection device at the actual collecting

time t. iq w dt
may represent the change in the pose of the image collection device 

within dt. q , iq , and iq may be four elements. iw represents the angular velocity (the 

measurement value closest to the calibrated time read directly from the gyroscope). 

[ 00172] In this way, posture information in an inertial state corresponding to each 

second image frame at time t+dt after the time offset of dt may be determined by 

estimating posture information of the image collecting device according to the time 

difference and the inertial sensor information.

[ 00173] FIG.7 shows a flowchart of determining time offset information based on 

location information and an inertial state according to an embodiment of the present 

disclosure. As shown in FIG. 7, in a possible implementation, the S234 may include steps 

as follows.

[ 00174] In S2341, a location of a spatial point in three-dimensional space 

corresponding to the matching feature point in the each second image frame may be 

determined.

[ 00175] In S2342, a projection plane where the each second image frame is located 

may be determined according to the inertial sensor information collected at the calibrated 

time of the each second image frame.

[ 00176] In S2343, projection information of the spatial point may be acquired 

according to the location of the spatial point and the projection plane where the each 

second image frame is located.

[ 00177] In S2344, the currently calibrated time offset information for the first image 

frame may be determined according to the location information of the matching feature 

point in the each second image frame and the projection information.
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[ 00178] In this possible implementation, in the at least two second image frames 

acquired, there may be matching feature points matching one image feature. Location 

information of a matching feature point in the at least two second image frames acquired

may be an observed value of a spatial point. The following projection energy formula (5)

may be established using the matching feature point information observed at least by the

two second image frames. If a matching feature point has a location in the three-

dimensional space, it may be directly put into the projection energy formula. If a

matching feature point does not have a three-dimensional space location, an estimated 

location in the three-dimensional space may be acquired using the observed location of 

the matching feature point in a second image frame, and then put into the projection 

energy formula. The location in the three-dimensional space corresponding to a matching 

feature point may be based on the three-dimensional location in the world coordinate 

system, or based on the three-dimensional location expressed by the observed location of 

the matching feature point in the second image frame by adding an inverse depth. A

preliminary estimated inertial state of each second image frame may be acquired using

inertial sensor information collected at the calibrated time of the second image frame.

The inertial state corresponding to the second image frame after compensation may be 

determined using the preliminary estimated inertial state of the second image frame.

Here, the inertial state corresponding to the second image frame after compensation may

be put into the following projection energy formula (5) as a variable. The projection 

energy formula (5) is as follows:

[ 00179]

2,
, , ( , , )

min ( , , , , , )
d r

j

i j
X t t C k i j k d ri j k C P

e Z X X L t t
(5); 

[ 00180]
,i j
kZ may represent the location information of the k-th matching feature point 

observed in the i-th second image frame and the j-th second image frame. iX may 

represent the inertial state corresponding to the i-th second image frame. The projection 

plane where the i-th second image frame is located may be determined based on the 

posture information in the inertial state. jX
may represent the inertial state corresponding 

to the j-th second image frame. The projection plane where the j-th second image frame
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is located may be determined based on the posture information in the inertial state. The 

inertial state X may include a variable such as a location, a pose, a velocity, an 

acceleration bias, an angular velocity bias, etc. kL may represent the location of the 

three-dimensional space point corresponding to the matching feature point. dt may 

represent the time offset information between the image collecting device and the inertial 

sensor device. rt may represent the row exposure period of the image collecting device.

Pj may represent the image noise of the j-th matching feature. Ce may represent the 

energy extraction operation, that is, the projection energy. In the energy extraction 

operation, based on related art, the location of the spatial point and the projection plane

may be determined. Moreover, the location information of the matching feature points in 

the second image frames, as well as the difference between the projection information of 

projecting the spatial point to at least two projection planes, may be acquired. An energy 

value may be determined based on the difference. C may represent the energy space 

formed by i, j, and k. i, j and k may be positive integers. The formula (5) may represent a 

spatial point in the 3D space. In image frames acquired by the image collecting device 

photographing the spatial point at different locations, theoretically, the location of the 

feature point corresponding to the spatial point on an image frame should be the same as 

the projection location of projecting the spatial point onto the projection plane where the 

image collecting device at the corresponding location is located. That is, the difference

between the two locations may be minimized. In other words, the optimized variable 

,( , , , , , )i j
k i j k d rZ X X L t t

acquired through formula (5) minimizes

2,

( , , )
( , , , , , )

j

i j
C k i j k d ri j k C P
e Z X X L t t

. Here, there may be multiple matching 

feature points in each second image frame.

[ 00181] It should be noted that if the row exposure period of the image collecting 

device may be directly read, the read value may be used as the row exposure period. If 

the row exposure period is not available, it may be determined by the formula (5) as a 

variable. 

[ 00182] FIG.8 shows a flowchart of determining time offset information according to 
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an embodiment of the present disclosure. As shown in FIG. 8, steps as follows are 

included.

[ 00183] In S23a, last calibrated time offset information for the at least two second 

image frames may be acquired.

[ 00184] In S23b, a limit of the currently calibrated time offset information for the first 

image frame may be determined according to a calibrated time error between the 

currently calibrated time offset information for the first image frame and the last 

calibrated time offset information.

[ 00185] In S23c, the currently calibrated time offset information for the first image 

frame may be determined according to the limit of the currently calibrated time offset 

information for the first image frame.

[ 00186] In this implementation, last calibrated time offset information for the at least 

two second image frames may be acquired. The last calibrated time offset information

may be calibrated in the same way as the currently calibrated time offset information,

which will not be repeated here. The last calibrated time offset information has been 

calibrated within a determining period of the last calibrated time offset information and

may be read directly. At least two second image frames collected before in one 

determining period correspond to the same last calibrated time offset information. Then, 

the difference between the currently calibrated time offset information and the last 

calibrated time offset information may be taken as the calibrated time error, and the limit

of the currently calibrated time offset information may be determined by the calibrated 

time error. Here, the limit may limit the size of the currently calibrated time offset 

information. Since the currently calibrated time offset information is unknown, the 

currently calibrated time offset information may be expressed as a variable, and the limit

may be used as a constraint to the currently calibrated time offset information. According 

to the limit of the currently calibrated time offset information, combined with the formula 

(5), the currently calibrated time offset information for the first image frame may be 

determined.

[ 00187] In a possible implementation, while determining the limit of the currently 
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calibrated time offset information for the first image frame according to the calibrated 

time error between the currently calibrated time offset information for the first image 

frame and the last calibrated time offset information, the calibrated time error may be 

compared to a preset time error. When the calibrated time error is less than or equal to the

preset time error, it is determined that the limit of the currently calibrated time offset 

information for the first image frame is zero. When the calibrated time error is greater 

than the preset time error, the limit of the currently calibrated time offset information for 

the first image frame is determined according to the calibrated time error and a preset 

time offset weight. Here, the preset time error may be set according to a specific 

application scene. For example, the preset time error may be set as the time interval for

collecting inertial sensor data, thereby limiting the range of change in the time offset 

information, ensuring accuracy in time offset information estimation. The formula (6) for 

the limit of the currently calibrated time offset information is as follows:

[ 00188]

d d s

t

d d d d s

0       t t t
e

(t t ) weight     t t t  
(6); 

[ 00189] te may represent the limit of the currently calibrated time offset information.

dt may represent the currently calibrated time offset information. dt may represent the 

last calibrated time offset information. st may represent the preset time error. weight

may represent the time offset weight. The final currently calibrated time offset 

information dt acquired should make the limit te meet the preset condition, such as 

minimizing the limit, such as to 0.

[ 00190] In an implementation, the time offset weight may be positively correlated with 

the calibrated time error. That is, the greater the calibrated time error is, the greater the 

time offset weight. In this way, the time offset information may be limited to change in a

reasonable range, reducing the error and system instability caused by using the uniform

speed model. The formula (6) may be used in combination with the formula (5). 

Reasonable time offset information may be acquired when the value acquired by 

combining the formula (6) with the formula (5) is the smallest.
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[ 00191] The information processing solution provided by embodiments of the present 

disclosure may calibrate the time offset information of the image collecting device and 

the inertial sensor device in real time in a non-linear framework. It poses no requirement

on the feature point tracking method and the time interval between two consecutive 

image frames, and is applicable to an image collecting device with any shutter. When the 

image collecting device is a rolling shutter camera, the row exposure period of the rolling 

shutter camera may also be calibrated accurately.

[ 00192] An information processing solution provided in embodiments of the present 

disclosure may be applied to a scene including, but not limited to, augmented reality, 

virtual reality, robots, autonomous driving, games, film and television, education, e-

commerce, tourism, smart medical care, interior decoration design, smart home, smart 

manufacturing, maintenance and assembly, etc.

[ 00193] It may be understood that method embodiments mentioned in the present 

disclosure may be combined with each other to form a combined embodiment as long as 

the combination does not go against a principle or a logic, which is not elaborated in the 

present disclosure due to a space limitation.

[ 00194] In addition, the present disclosure further provides a device for information 

processing, electronic equipment, a computer-readable storage medium, and a program, 

all of which may be configured to implement any method for information processing 

provided in the present disclosure. Refer to disclosure for a method herein for a technical 

solution thereof and description therefor, which is not elaborated.

[ 00195] A person having ordinary skill in the art may understand that in a method of a 

specific implementation, the order in which the steps are put is not necessarily a strict 

order in which the steps are implemented, and does not form any limitation to the 

implementation process. A specific order in which the steps are implemented should be 

determined based on a function and a possible intrinsic logic thereof.

[ 00196] FIG.9 shows a block diagram of a device for information processing according 

to an embodiment of the present disclosure. As shown in FIG.9, the device for 

information processing includes:
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[ 00197] an acquiring module 31 configured to acquire collecting time of collecting a 

first image frame to be processed;

[ 00198] a correcting module 32 configured to acquire calibrated time of the first image 

frame by correcting the collecting time of the first image frame according to currently 

calibrated time offset information for the first image frame; and

[ 00199] a positioning module 33 is configured to determine a current location based on 

the first image frame and inertial sensor information acquired at the calibrated time of the 

first image frame.

[ 00200] In some embodiments of the present disclosure, when the first image frame is a

first image frame collected or a second image frame collected, the currently calibrated 

time offset information for the first image frame is an initial time offset.

[ 00201] In some embodiments of the present disclosure, when the first image frame is

an Nth image frame collected, and the N is a positive integer greater than 2, the device

further includes:

[ 00202] a determining module configured to determine the currently calibrated time 

offset information for the first image frame according to at least two second image 

frames collected before the collecting time of the first image frame.

[ 00203] In a possible implementation, the determining module is specifically 

configured to:

[ 00204] acquire the at least two second image frames collected before the collecting 

time of the first image frame;

[ 00205] acquire inertial sensor information collected at calibrated time of each second 

image frame of the at least two second image frames; and 

[ 00206] determine the currently calibrated time offset information for the first image 

frame based on the at least two second image frames and the inertial sensor information 

corresponding to the each second image frame.
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[ 00207] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 00208] determine, in the at least two second image frames, each group of matching 

feature points matching a same image feature, wherein the each group of matching 

feature points comprises multiple matching feature points;

[ 00209] determine location information of a matching feature point in the each second 

image frame; and 

[ 00210] determine the currently calibrated time offset information for the first image 

frame based on the inertial sensor information collected at the calibrated time of the each 

second image frame and the location information of the matching feature point in the 

each second image frame.

[ 00211] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 00212] determine a location of a spatial point in three-dimensional space 

corresponding to the matching feature point in the each second image frame;

[ 00213] determine a projection plane where the each second image frame is located 

according to the inertial sensor information collected at the calibrated time of the each 

second image frame;

[ 00214] acquire projection information of the spatial point according to the location of 

the spatial point and the projection plane where the each second image frame is located; 

and 

[ 00215] determine the currently calibrated time offset information for the first image 

frame according to the location information of the matching feature point in the each 

second image frame and the projection information.

[ 00216] In some embodiments of the present disclosure, the determining module is 

further configured to:
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[ 00217] determine an exposure time error of the matching feature point in the each 

second image frame according to the location information of the matching feature point 

in the each second image frame and a row exposure period of an image collecting device;

[ 00218] determine a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information; 

[ 00219] determine a time difference between actual collecting time and the calibrated 

time of the each second image frame according to the exposure time error and the 

calibrated time error, wherein the image collecting device is configured to collect the at 

least two second image frames; and

[ 00220] determine an inertial state corresponding to the each second image frame by 

estimating posture information of the image collecting device according to the time 

difference and the inertial sensor information collected at the calibrated time of the each 

second image frame.

[ 00221] In some embodiments of the present disclosure, the determining module is 

specifically configured to:

[ 00222] acquire last calibrated time offset information for the at least two second image 

frames; 

[ 00223] determine a limit of the currently calibrated time offset information for the first 

image frame according to a calibrated time error between the currently calibrated time 

offset information for the first image frame and the last calibrated time offset information; 

and 

[ 00224] determine the currently calibrated time offset information for the first image 

frame according to the limit of the currently calibrated time offset information for the 

first image frame.

[ 00225] In a possible implementation, the determining module is specifically 

configured to:

[ 00226] in response to the calibrated time error being less than or equal to a preset time 
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error, determine that the limit of the currently calibrated time offset information for the 

first image frame is zero; and 

[ 00227] in response to the calibrated time error being greater than the preset time error, 

determine the limit of the currently calibrated time offset information for the first image 

frame according to the calibrated time error and a preset time offset weight.

[ 00228] In some embodiments of the present disclosure, the positioning module 33 is 

specifically configured to:

[ 00229] determine first relative location information representing a location change 

relation of an image collecting device based on the first image frame and a second image 

frame collected before the collecting time of the first image frame; 

[ 00230] determine second relative location information representing the location 

change relation of the image collecting device based on the inertial sensor information 

acquired at the calibrated time of the first image frame and an inertial state corresponding 

to the second image frame; and 

[ 00231] determine the current location according to the first relative location 

information and the second relative location information.

[ 00232] In some embodiments of the present disclosure, the correcting module 32 is 

specifically configured to:

[ 00233] acquire the calibrated time of the first image frame by correcting the collecting 

time of the first image frame according to the currently calibrated time offset information 

for the first image frame and an exposure duration of the first image frame.

[ 00234] In some embodiments, a function or a module of a device provided in 

embodiments of the present disclosure may be configured to implement a method 

described in a method embodiment herein. Refer to description of a method embodiment 

herein for specific implementation of the device, which is not repeated here for brevity.

[ 00235] Embodiments of the present disclosure also propose a computer-readable 

storage medium having stored thereon a computer program which, when executed by a 
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processor, implements a method herein. A computer-readable storage medium may be a 

non-volatile computer-readable storage medium.

[ 00236] Correspondingly, embodiments of the present disclosure also propose a

computer program, including a computer-readable code which, when run in electronic 

equipment, allow a processor in the electronic equipment to implement any method for 

information processing herein.

[ 00237] Embodiments of the present disclosure also propose electronic equipment,

including: a processor; and a memory configured to store processor-executable 

instructions. The processor is configured to implement a method herein.

[ 00238] Electronic equipment may be provided as a terminal, a server or equipment in

another form.

[ 00239] FIG.10 is a block diagram of electronic equipment 800 according to an 

exemplary embodiment. For example, the electronic equipment 800 may be a terminal 

such as a mobile phone, a computer, a digital broadcasting terminal, messaging 

equipment, a game console, tablet equipment, medical equipment, fitness equipment, a 

Personal Digital Assistant (PDA), etc.

[ 00240] Referring to FIG. 10, the electronic equipment 800 may include one or more 

components as follows:  a processing component 802, memory 804, a power component

806, a multimedia component 808, an audio component 810, an Input / Output (I/O) 

interface 812, a sensor component 814, and a communication component 816.

[ 00241] The processing component 802 generally controls an overall operation of the 

electronic equipment 800, such as operations associated with display, a telephone call, 

data communication, a camera operation, a recording operation, etc. The processing 

component 802 may include at least one processor 820 to execute instructions so as to 

complete all or some options of the method. In addition, the processing component 802 

may include one or more modules to facilitate interaction between the processing 

component 802 and other components. For example, the processing component 802 may 

include a multimedia module to facilitate interaction between the multimedia component 

808 and the processing component 802. 

39



[ 00242] The memory 804 is configured to store various types of data to support 

operation on equipment 1700. Example of such data may include instructions of any 

application or method configured to operate on the electronic equipment 800, contact 

data, phonebook data, messages, pictures, videos, and/or the like. The memory 804 may 

be realized by any type of volatile or non-volatile storage equipment or combination 

thereof, such as Static Random Access Memory (SRAM), Electrically Erasable 

Programmable Read-Only Memory (EEPROM), Erasable Programmable Read-Only 

Memory (EPROM), Programmable Read-Only Memory (PROM), Read-Only Memory 

(ROM), magnetic memory, flash memory, magnetic disk, or compact disk. 

[ 00243] The power component 806 supplies electric power to various components of 

the electronic equipment 800. The power component 806 may include a power 

management system, one or more power supplies, and other components related to 

generating, managing and distributing electric power for the electronic equipment 800. 

[ 00244] The multimedia component 808 includes a screen providing an output interface 

between the electronic equipment 800 and a user. in some embodiments, the screen may 

include a Liquid Crystal Display (LCD) and a Touch Panel (TP). If the screen includes a 

TP, the screen may be realized as a touch screen to receive an input signal from a user. 

The TP includes one or more touch sensors for sensing touch, slide and gestures on the 

TP. The touch sensors not only may sense the boundary of a touch or slide move, but also 

detect the duration and pressure related to the touch or slide move. In some 

embodiments, the multimedia component 808 includes a front camera and/or a rear 

camera. When the equipment 1700 is in an operation mode such as a shooting mode or a 

video mode, the front camera and/or the rear camera may receive external multimedia 

data. Each of the front camera and the rear camera may be a fixed optical lens system or 

may have a focal length and be capable of optical zooming. 

[ 00245] The audio component 810 is configured to output and/or input an audio signal. 

For example, the audio component 810 includes a microphone (MIC). When the 

electronic equipment 800 is in an operation mode such as a call mode, a recording mode, 

and a voice recognition mode, the MIC is configured to receive an external audio signal. 

The received audio signal may be further stored in the memory 804 or may be sent via 
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the communication component 816. In some embodiments, the audio component 810

further includes a loudspeaker configured to output the audio signal. 

[ 00246] The I/O interface 812 provides an interface between the processing component 

802 and a peripheral interface module. Such a peripheral interface module may be a 

keypad, a click wheel, a button or the like. Such a button may include but is not limited 

to:  a homepage button, a volume button, a start button, and a lock button. 

[ 00247] The sensor component 814 includes one or more sensors for assessing various 

states of the electronic equipment 800. For example, the sensor component 814 may 

detect an on/off state of the equipment 1700 and relative positioning of components such 

as the display and the keypad of the electronic equipment 800. The sensor component 

814 may further detect a change in the position of the electronic equipment 800 or of a 

component of the electronic equipment 800, whether there is contact between the 

electronic equipment 800 and a user, the orientation or acceleration/deceleration of the 

electronic equipment 800, and a change in the temperature of the electronic equipment 

800. The sensor component 814 may include a proximity sensor configured to detect

existence of a nearby object without physical contact. The sensor component 814 may 

further include an optical sensor such as a Complementary Metal-Oxide-Semiconductor 

(CMOS) or Charge-Coupled-Device (CCD) image sensor used in an imaging application.

In some embodiments, the sensor component 814 may further include an acceleration 

sensor, a gyroscope sensor, a magnetic sensor, a pressure sensor, or a temperature sensor. 

[ 00248] The communication component 816 is configured to facilitate wired or 

wireless/radio communication between the electronic equipment 800 and other 

equipment. The electronic equipment 800 may access a radio network based on a 

communication standard such as WiFi, 2G, 3G, … , or a combination thereof. The 

communication component 816 receives a broadcast signal or broadcasts related 

information from an external broadcast management system via a broadcast channel. In 

an exemplary embodiment, the communication component 816 further includes a Near 

Field Communication (NFC) module for short-range communication. For example, the 

NFC module may be realized based on Radio Frequency Identification (RFID), Infrared 

Data Association (IrDA), Ultra-WideBand (UWB) technology, BlueTooth (BT) 
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technology, and other technologies. 

[ 00249] The electronic equipment 800 may be realized by one or more of Application 

Specific Integrated Circuits (ASIC), Digital Signal Processors (DSP), Digital Signal 

Processing Device (DSPD), Programmable Logic Devices (PLD), Field Programmable 

Gate Arrays (FPGA), controllers, microcontrollers, microprocessors or other electronic 

components, to implement the method.

[ 00250] In an exemplary embodiment, there is also provided a non-volatile computer-

readable storage medium, such as the memory 804 including computer program 

instructions. The computer program instructions may be executed by the processor 820 of 

the electronic equipment 800 to implement a method herein.

[ 00251] The present disclosure may be a system, a method, and /or a computer program 

product. The computer program product may include a computer-readable storage 

medium, having borne thereon computer-readable program instructions allowing a 

processor to implement various aspects of the present disclosure.

[ 00252] A computer-readable storage medium may be tangible equipment capable of 

keeping and storing an instruction used by instruction executing equipment. For example, 

a computer-readable storage medium may be, but is not limited to, electric storage 

equipment, magnetic storage equipment, optical storage equipment, electromagnetic 

storage equipment, semiconductor storage equipment, or any appropriate combination 

thereof. A non-exhaustive list of more specific examples of a computer-readable storage 

medium may include a portable computer disk, a hard disk, Random Access Memory 

(RAM), Read-Only Memory (ROM), Erasable Programmable Read-Only Memory 

(EPROM, or flash memory), Static Random Access Memory (SRAM), Compact Disc 

Read-Only Memory (CD-ROM), a Digital Video Disc (DVD), a memory stick, a floppy 

disk, mechanical coding equipment such as a protruding structure in a groove or a punch 

card having stored thereon an instruction, as well as any appropriate combination thereof.

A computer-readable storage medium used here may not be construed as a transient 

signal per se, such as a radio wave, another freely propagated electromagnetic wave, an 

electromagnetic wave propagated through a wave guide or another transmission medium 

(such as an optical pulse propagated through an optical fiber cable), or an electric signal 
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transmitted through a wire.

[ 00253] A computer-readable program instruction described here may be downloaded 

from a computer-readable storage medium to respective computing/processing 

equipment, or to an external computer or external storage equipment through a network 

such as the Internet, a Local Area Network (LAN), a Wide Area Network (WAN), and /or 

a wireless network. A network may include a copper transmission cable, optical fiber 

transmission, wireless transmission, a router, a firewall, a switch, a gateway computer, 

and /or an edge server. A network adapter card or a network interface in respective 

computing/processing equipment receives the computer-readable program instruction 

from the network, and forwards the computer-readable program instruction to computer-

readable storage media in respective computing/processing equipment.

[ 00254] A computer program instruction for implementing an operation herein may be 

an assembly instruction, an Instruction Set Architecture (ISA) instruction, a machine 

instruction, a machine related instruction, a microcode, a firmware instruction, state 

setting data, or a source code or object code written in any combination of one or more 

programming languages. A programming language includes an object-oriented 

programming language such as Smalltalk, C++, etc., as well as a conventional procedural 

programming language such as C or a similar programming language. Computer-

readable program instructions may be executed on a computer of a user entirely or in 

part, as a separate software package, partly on the computer of the user and partly on a 

remote computer, or entirely on a remote computer / server. When a remote computer is 

involved, the remote computer may be connected to the computer of a user through any 

type of network including a Local Area Network (LAN) or a Wide Area Network (WAN).

Alternatively, the remote computer may be connected to an external computer (such as 

connected through the Internet using an Internet service provider). In some embodiments, 

an electronic circuit such as a programmable logic circuit, a Field-Programmable Gate 

Array (FPGA), or a Programmable Logic Array (PLA) is customized using state 

information of a computer-readable program instruction. The electronic circuit may 

execute the computer-readable program instruction, thereby implementing various

aspects of the present disclosure.
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[ 00255] Aspects of the present disclosure have been described with reference to 

flowcharts and / or block diagrams of the method, device (system), and computer 

program product of embodiments of the present disclosure. It is be understood that each 

block in the flowcharts and / or the block diagrams and a combination of respective 

blocks in the flowcharts and / or the block diagrams may be implemented by computer-

readable program instructions.

[ 00256] These computer-readable program instructions may be provided to a general-

purpose computer, a dedicated computer, or a processor of another programmable data 

processing device, thereby producing a machine to allow the instruction to produce, 

when executed through a computer or the processor of another programmable data 

processing device, a device implementing a function / move specified in one or more 

blocks in the flowcharts and / or the block diagrams. The computer-readable program 

instructions may also be stored in a computer-readable storage medium. The instructions 

allow a computer, a programmable data processing device and / or other equipment to 

work in a specific mode. Accordingly, the computer-readable medium including the 

instructions includes a manufactured article including instructions for implementing each 

aspect of a function / move specified in one or more blocks in the flowcharts and / or the 

block diagrams.

[ 00257] Computer-readable program instructions may also be loaded to a computer, 

another programmable data processing device, or other equipment, such that a series of 

operations are executed in the computer, the other programmable data processing device, 

or the other equipment to produce a computer implemented process, thereby allowing the 

instructions executed on the computer, the other programmable data processing device, or 

the other equipment to implement a function / move specified in one or more blocks in 

the flowcharts and / or the block diagrams.

[ 00258] The flowcharts and block diagrams in the drawings show possible 

implementation of architectures, functions, and operations of the system, method, and 

computer program product according to multiple embodiments of the present disclosure. 

In this regard, each block in the flowcharts or the block diagrams may represent part of a 

module, a program segment, or an instruction. The part of the module, the program 
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segment, or the instruction includes one or more executable instructions for 

implementing a specified logical function. In some alternative implementations, 

functions noted in the blocks may also occur in an order different from that noted in the 

drawings. For example, two consecutive blocks may actually be implemented basically in 

parallel. They sometimes may also be implemented in a reverse order, depending on the 

functions involved. Also note that each block in the block diagrams and / or the 

flowcharts, as well as a combination of the blocks in the block diagrams and / or the 

flowcharts, may be implemented by a hardware-based application-specific system for 

implementing a specified function or move, or by a combination of an application-

specific hardware and a computer instruction.

[ 00259] Description of embodiments of the present disclosure is exemplary, not 

exhaustive, and not limited to the embodiments disclosed herein. Various modification 

and variations can be made without departing from the principle of embodiments of the 

present disclosure. The modification and variations will be apparent to a person having 

ordinary skill in the art. Choice of a term used herein is intended to best explain the

principle and / or application of the embodiments, or improvement to technology in the 

market, or allow a person having ordinary skill in the art to understand the embodiments 

disclosed herein.

[ 00260] Industrial applicability

[ 00261] Embodiments of the present disclosure propose a method and device for 

information processing, electronic equipment, a computer storage medium, and a

computer program. The method includes: acquiring collecting time of collecting a first 

image frame to be processed; acquiring calibrated time of the first image frame by 

correcting the collecting time of the first image frame according to currently calibrated 

time offset information for the first image frame; and determining a current location 

based on the first image frame and inertial sensor information acquired at the calibrated 

time of the first image frame. In embodiments of the present disclosure, collecting time 

of collecting a first image frame to be processed may be acquired; then, calibrated time 

of the first image frame may be acquired by correcting the collecting time of the first 

image frame according to currently calibrated time offset information for the first image 
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frame. Given impact of a reason such as an error, there will be a certain time offset in the 

collecting time of the first image frame.  Accordingly, the collecting time of the first 

image frame may be corrected to acquire a more accurate calibrated time. Then, a current 

location is determined in real time using the inertial sensor information acquired at the 

calibrated time and the first image frame, improving positioning accuracy.
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CLAIMS

1. A method for information processing, comprising:

acquiring collecting time of collecting a first image frame to be processed;

acquiring calibrated time of the first image frame by correcting the collecting time of 

the first image frame according to currently calibrated time offset information for the first 

image frame; and 

determining a current location based on the first image frame and inertial sensor 

information acquired at the calibrated time of the first image frame.

2. The method of claim 1, wherein in response to the first image frame being a first image 

frame collected or a second image frame collected, the currently calibrated time offset 

information for the first image frame is an initial time offset.

3. The method of claim 1 or 2, further comprising: in response to the first image frame being

an Nth image frame collected, the N being a positive integer greater than 2,

determining the currently calibrated time offset information for the first image frame 

according to at least two second image frames collected before the collecting time of the first 

image frame.

4. The method of claim 3, wherein determining the currently calibrated time offset 

information for the first image frame according to the at least two second image frames 

collected before the collecting time of the first image frame comprises:

acquiring the at least two second image frames collected before the collecting time of 
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the first image frame;

acquiring inertial sensor information collected at calibrated time of each second image 

frame of the at least two second image frames; and 

determining the currently calibrated time offset information for the first image frame 

based on the at least two second image frames and the inertial sensor information 

corresponding to the each second image frame.

5. The method of claim 4, wherein determining the currently calibrated time offset 

information for the first image frame based on the at least two second image frames and the 

inertial sensor information corresponding to the each second image frame comprises:

determining, in the at least two second image frames, each group of matching feature 

points matching a same image feature, wherein the each group of matching feature points 

comprises multiple matching feature points;

determining location information of a matching feature point in the each second image 

frame; and 

determining the currently calibrated time offset information for the first image frame 

based on the inertial sensor information collected at the calibrated time of the each second 

image frame and the location information of the matching feature point in the each second 

image frame.

6. The method of claim 5, wherein determining the currently calibrated time offset 

information for the first image frame based on the inertial sensor information collected at the 

calibrated time of the each second image frame and the location information of the matching 

feature point in the each second image frame comprises:

determining a location of a spatial point in three-dimensional space corresponding to 

the matching feature point in the each second image frame;
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determining a projection plane where the each second image frame is located 

according to the inertial sensor information collected at the calibrated time of the each second 

image frame;

acquiring projection information of the spatial point according to the location of the 

spatial point and the projection plane where the each second image frame is located; and 

determining the currently calibrated time offset information for the first image frame

according to the location information of the matching feature point in the each second image 

frame and the projection information.

7. The method of claim 5, further comprising:

determining an exposure time error of the matching feature point in the each second 

image frame according to the location information of the matching feature point in the each 

second image frame and a row exposure period of an image collecting device;

determining a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information; 

determining a time difference between actual collecting time and the calibrated time of 

the each second image frame according to the exposure time error and the calibrated time 

error, wherein the image collecting device is configured to collect the at least two second 

image frames; and

determining an inertial state corresponding to the each second image frame by

estimating posture information of the image collecting device according to the time difference 

and the inertial sensor information collected at the calibrated time of the each second image 

frame.

8. The method of claim 3, wherein determining the currently calibrated time offset 

information for the first image frame according to the at least two second image frames 
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collected before the collecting time of the first image frame comprises:

acquiring last calibrated time offset information for the at least two second image 

frames; 

determining a limit of the currently calibrated time offset information for the first 

image frame according to a calibrated time error between the currently calibrated time offset 

information for the first image frame and the last calibrated time offset information; and 

determining the currently calibrated time offset information for the first image frame

according to the limit of the currently calibrated time offset information for the first image 

frame.

9. The method of claim 8, wherein determining the limit of the currently calibrated time offset 

information for the first image frame according to the calibrated time error between the 

currently calibrated time offset information for the first image frame and the last calibrated 

time offset information comprises: 

in response to the calibrated time error being less than or equal to a preset time error, 

determining that the limit of the currently calibrated time offset information for the first image 

frame is zero; and

in response to the calibrated time error being greater than the preset time error, 

determining the limit of the currently calibrated time offset information for the first image 

frame according to the calibrated time error and a preset time offset weight.

10. The method of any one of claims 1 to 9, wherein determining the current location based 

on the first image frame and the inertial sensor information acquired at the calibrated time of 

the first image frame comprises: 

determining first relative location information representing a location change relation

of an image collecting device based on the first image frame and a second image frame 
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collected before the collecting time of the first image frame;

determining second relative location information representing the location change 

relation of the image collecting device based on the inertial sensor information acquired at the 

calibrated time of the first image frame and an inertial state corresponding to the second 

image frame; and 

determining the current location according to the first relative location information and 

the second relative location information.

11. The method of any one of claims 1 to 10, wherein acquiring the calibrated time of the first 

image frame by correcting the collecting time of the first image frame according to the 

currently calibrated time offset information for the first image frame comprises: 

acquiring the calibrated time of the first image frame by correcting the collecting time 

of the first image frame according to the currently calibrated time offset information for the 

first image frame and an exposure duration of the first image frame.

12. A device for information processing, comprising:

an acquiring module configured to acquire collecting time of collecting a first image 

frame to be processed;

a correcting module configured to acquire calibrated time of the first image frame by 

correcting the collecting time of the first image frame according to currently calibrated time 

offset information for the first image frame; and

a positioning module is configured to determine a current location based on the first 

image frame and inertial sensor information acquired at the calibrated time of the first image 

frame.

51



13. The device of claim 12, wherein in response to the first image frame being a first image 

frame collected or a second image frame collected, the currently calibrated time offset 

information for the first image frame is an initial time offset.

14. The device of claim 12 or 13, wherein in response to the first image frame being an Nth 

image frame collected, the N being a positive integer greater than 2, the device further 

comprises:

a determining module configured to determine the currently calibrated time offset 

information for the first image frame according to at least two second image frames collected 

before the collecting time of the first image frame.

15. The device of claim 14, wherein the determining module is specifically configured to:

acquire the at least two second image frames collected before the collecting time of 

the first image frame;

acquire inertial sensor information collected at calibrated time of each second image 

frame of the at least two second image frames; and 

determine the currently calibrated time offset information for the first image frame 

based on the at least two second image frames and the inertial sensor information 

corresponding to the each second image frame.

16. The device of claim 15, wherein the determining module is specifically configured to:

determine, in the at least two second image frames, each group of matching feature 

points matching a same image feature, wherein the each group of matching feature points 

comprises multiple matching feature points;

determine location information of a matching feature point in the each second image 
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frame; and 

determine the currently calibrated time offset information for the first image frame 

based on the inertial sensor information collected at the calibrated time of the each second 

image frame and the location information of the matching feature point in the each second 

image frame.

17. The device of claim 16, wherein the determining module is specifically configured to:

determine a location of a spatial point in three-dimensional space corresponding to the 

matching feature point in the each second image frame;

determine a projection plane where the each second image frame is located according 

to the inertial sensor information collected at the calibrated time of the each second image 

frame;

acquire projection information of the spatial point according to the location of the 

spatial point and the projection plane where the each second image frame is located; and 

determine the currently calibrated time offset information for the first image frame 

according to the location information of the matching feature point in the each second image 

frame and the projection information.

18. The device of claim 16, wherein the determining module is further configured to:

determine an exposure time error of the matching feature point in the each second 

image frame according to the location information of the matching feature point in the each 

second image frame and a row exposure period of an image collecting device;

determine a calibrated time error between the currently calibrated time offset 

information for the first image frame and last calibrated time offset information; 

determine a time difference between actual collecting time and the calibrated time of 
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the each second image frame according to the exposure time error and the calibrated time 

error, wherein the image collecting device is configured to collect the at least two second

image frames; and

determine an inertial state corresponding to the each second image frame by 

estimating posture information of the image collecting device according to the time difference 

and the inertial sensor information collected at the calibrated time of the each second image 

frame.

19. The device of claim 14, wherein the determining module is specifically configured to:

acquire last calibrated time offset information for the at least two second image frames; 

determine a limit of the currently calibrated time offset information for the first image 

frame according to a calibrated time error between the currently calibrated time offset 

information for the first image frame and the last calibrated time offset information; and 

determine the currently calibrated time offset information for the first image frame 

according to the limit of the currently calibrated time offset information for the first image 

frame.

20. The device of claim 19, wherein the determining module is specifically configured to:

in response to the calibrated time error being less than or equal to a preset time error, 

determine that the limit of the currently calibrated time offset information for the first image 

frame is zero; and

in response to the calibrated time error being greater than the preset time error, 

determine the limit of the currently calibrated time offset information for the first image frame

according to the calibrated time error and a preset time offset weight.
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21. The device of any one of claims 12 to 20, wherein the positioning module is specifically 

configured to:

determine first relative location information representing a location change relation of 

an image collecting device based on the first image frame and a second image frame collected 

before the collecting time of the first image frame;

determine second relative location information representing the location change 

relation of the image collecting device based on the inertial sensor information acquired at the 

calibrated time of the first image frame and an inertial state corresponding to the second 

image frame; and 

determine the current location according to the first relative location information and 

the second relative location information.

22. The device of any one of claims 12 to 21, wherein the correcting module is specifically 

configured to:

acquire the calibrated time of the first image frame by correcting the collecting time of

the first image frame according to the currently calibrated time offset information for the first 

image frame and an exposure duration of the first image frame.

23. Electronic equipment, comprising:

a processor; and 

a memory configured to store processor-executable instructions,

wherein the processor is configured to implement the method of any one of claims 1 to 

11.
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24. A computer-readable storage medium having stored thereon computer program 

instructions which, when executed by a processor, implement the method of any one of claims

1 to 11.

25. A computer program, comprising a computer readable code which, when run in electronic 

equipment, allows a processor in the electronic device to implement the method of any one of 

claims 1 to 11.
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