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POSE DETERMINATION METHOD AND APPARATUS, AND ELECTRONIC 

DEVICE 

 

TECHNICAL FIELD 

[0001] The present application relates to the technical field of autonomous driving, and in 

particular to a pose determination method and apparatus, and an electronic device. 

 

BACKGROUND 

[0002] At present, for mainstream high-precision positioning in the field of autonomous 

driving, a multi-sensor fusion solution is adopted, which combines a global navigation 

satellite system (GNSS), inertial measurement units (IMUs), vision sensors, high-definition 

maps, and wheel speed sensors. Integration is performed by using the IMUs or the IMUs 

together with the wheel speed sensors, observation is performed by using the GNSS, the 

vision sensors, and the high-definition maps, and integration positioning is performed on the 

basis of observation correction. 

 

SUMMARY 

[0003] The present application provides a pose determination method and apparatus, and an 

electronic device. 

[0004] In a first aspect, the present application provides a pose determination method. The 

method includes: 

[0005] acquiring a current first integration pose, first observation pose, and second 

observation pose of a vehicle; 

[0006] performing integration pose interpolation when an integration moment of the first 

integration pose is different from a target observation moment, to obtain a second integration 

pose having an integration moment identical to the target observation moment, where the 

target observation moment is an observation moment that meets a preset requirement from a 

first observation moment of the first observation pose and a second observation moment of 

the second observation pose; 

[0007] determining a target pose correction matrix according to the first observation pose, 

the second observation pose, the second integration pose, and a current pose correction 

matrix; and 

[0008] obtaining a positioning pose of the vehicle based on the first integration pose and the 

target pose correction matrix. 
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[0009] In a possible design, performing the integration pose interpolation when the 

integration moment of the first integration pose is different from the target observation 

moment, to obtain the second integration pose having the integration moment identical to the 

target observation moment, includes: when the integration moment of the first integration 

pose is later than the target observation moment, performing the integration pose 

interpolation to obtain the second integration pose having the integration moment identical to 

the target observation moment; or when the integration moment of the first integration pose is 

earlier than the target observation moment, continuing to perform integration based on the 

first integration pose until the integration moment is greater than or equal to the target 

observation moment, and performing the integration pose interpolation to obtain the second 

integration pose having the integration moment identical to the target observation moment. 

[0010] In a possible design, determining the target pose correction matrix according to the 

first observation pose, the second observation pose, the second integration pose, and the 

current pose correction matrix, includes: multiplying the second integration pose by the 

current pose correction matrix to obtain a predicted pose; filtering the predicted pose, the first 

observation pose, and the second observation pose to obtain a filtered pose; and calculating 

the target pose correction matrix based on the filtered pose and the second integration pose. 

[0011] In a possible design, performing the integration pose interpolation, includes: 

searching for two frames of historical integration poses, where integration moments of the 

two frames of historical integration poses are a moment immediately before the target 

observation moment and a moment immediately after the target observation moment, 

respectively; and performing interpolation on the two frames of historical integration poses. 

[0012] In a possible design, acquiring the current first integration pose, first observation 

pose, and second observation pose of the vehicle, includes: performing integration on an 

initial pose of the vehicle based on a wheel speed and an angular velocity of the vehicle to 

obtain the first integration pose, where the initial pose is a pose of the vehicle at startup; 

obtaining the first observation pose based on global navigation satellite system (GNSS) 

positioning data of the vehicle; and obtaining the second observation pose based on a visual 

sensor of the vehicle in combination with map data. 

[0013] In a possible design, obtaining the first observation pose based on the GNSS 

positioning data of the vehicle, includes: determining whether an absolute value of a 

difference between a first relative pose and a second relative pose is less than a preset 

threshold, where the first relative pose is a relative pose between two adjacent frames of 

observation poses provided by raw GNSS positioning data, and the second relative pose is a 
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relative pose between two frames of integration poses at moments corresponding to the two 

adjacent frames of observation poses; if the absolute value is less than the preset threshold, 

obtaining the first observation pose based on the raw GNSS positioning data; and if the 

absolute value is greater than or equal to the preset threshold, adjusting the first covariance of 

the raw GNSS positioning data to a first target covariance to obtain the GNSS positioning 

data, and obtaining the first observation pose based on the GNSS positioning data. 

[0014] In a possible design, obtaining the second observation pose based on the visual 

sensor of the vehicle in combination with the map data, includes: collecting visual perception 

data based on the visual sensor, matching the visual perception data with the map data to 

obtain one or more matching pairs, and performing optimization processing on the one or 

more matching pairs to obtain a residual; determining whether the number of the one or more 

matching pairs is greater than or equal to a first set value, and whether the residual is less 

than or equal to a second set value; if the number of the one or more matching pairs is greater 

than or equal to the first set value and the residual is less than or equal to the second set value, 

not adjusting a second covariance, and obtaining the second observation pose based on the 

visual perception data, the map data, and the second covariance; and if the number of the one 

or more matching pairs is less than the first set value or the residual is greater than the second 

set value, adjusting the second covariance to a second target covariance, and obtaining the 

second observation pose based on the visual perception data, the map data, and the second 

target covariance. 

[0015] In a second aspect, the present application provides a pose determination apparatus. 

The apparatus includes: 

[0016] an acquisition module, configured to acquire a current first integration pose, first 

observation pose, and second observation pose of a vehicle; 

[0017] an interpolation module, configured to perform integration pose interpolation when 

an integration moment of the first integration pose is different from a target observation 

moment, to obtain a second integration pose having an integration moment identical to the 

target observation moment, where the target observation moment is an observation moment 

that meets a preset requirement from a first observation moment of the first observation pose 

and a second observation moment of the second observation pose; 

[0018] a determination module, configured to determine a target pose correction matrix 

according to the first observation pose, the second observation pose, the second integration 

pose, and a current pose correction matrix; and 

[0019] a positioning module, configured to obtain a positioning pose of the vehicle based on 
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the first integration pose and the target pose correction matrix. 

[0020] In a possible design, the acquisition module is specifically configured to: perform 

integration on an initial pose of the vehicle based on a wheel speed and an angular velocity of 

the vehicle to obtain the first integration pose, where the initial pose is a pose of the vehicle at 

startup; obtain the first observation pose based on global navigation satellite system (GNSS) 

positioning data of the vehicle; and obtain the second observation pose based on a visual 

sensor of the vehicle in combination with map data. 

[0021] In a possible design, the interpolation module is specifically configured to: when the 

integration moment of the first integration pose is later than the target observation moment, 

perform the integration pose interpolation to obtain the second integration pose having the 

integration moment identical to the target observation moment; or when the integration 

moment of the first integration pose is earlier than the target observation moment, continue to 

perform integration based on the first integration pose until the integration moment is greater 

than or equal to the target observation moment, and perform the integration pose interpolation 

to obtain the second integration pose having the integration moment identical to the target 

observation moment. 

[0022] In a possible design, the determination module is specifically configured to: multiply 

the second integration pose by the current pose correction matrix to obtain a predicted pose; 

filter the predicted pose, the first observation pose, and the second observation pose to obtain 

a filtered pose; and calculate the target pose correction matrix based on the filtered pose and 

the second integration pose. 

[0023] In a possible design, the interpolation module is further configured to: search for two 

frames of historical integration poses, where integration moments of the two frames of 

historical integration poses are a moment immediately before the target observation moment 

and a moment immediately after the target observation moment, respectively; and perform 

the interpolation on the two frames of historical integration poses. 

[0024] In a possible design, the apparatus is further configured to: determine whether an 

absolute value of a difference between a first relative pose and a second relative pose is less 

than a preset threshold, where the first relative pose is a relative pose between two adjacent 

frames of observation poses provided by raw GNSS positioning data, and the second relative 

pose is a relative pose between two frames of integration poses at moments corresponding to 

the two adjacent frames of observation poses; if the absolute value is less than the preset 

threshold, obtain the first observation pose based on the raw GNSS positioning data; and if 

the absolute value is greater than or equal to the preset threshold, adjust the first covariance 
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of the raw GNSS positioning data to a first target covariance to obtain the GNSS positioning 

data, and obtain the first observation pose based on the GNSS positioning data. 

[0025] In a possible design, the apparatus is further configured to: collect visual perception 

data based on the visual sensor, match the visual perception data with the map data to obtain 

one or more matching pairs, and perform optimization processing on the one or more 

matching pairs to obtain a residual; determine whether the number of the one or more 

matching pairs is greater than or equal to a first set value, and whether the residual is less 

than or equal to a second set value; if the number of the one or more matching pairs is greater 

than or equal to the first set value and the residual is less than or equal to the second set value, 

not adjust a second covariance, and obtain the second observation pose based on the visual 

perception data, the map data, and the second covariance; and if the number of the one or 

more matching pairs is less than the first set value or the residual is greater than the second 

set value, adjust the second covariance to a second target covariance, and obtain the second 

observation pose based on the visual perception data, the map data, and the second target 

covariance. 

[0026] In a third aspect, the present application provides an electronic device. The 

electronic device includes: 

[0027] a memory, configured to store a computer program; and 

[0028] one or more processors, configured to, when executing the computer program stored 

in the memory, implement the steps of the above pose determination method. 

[0029] In a fourth aspect, the present application provides a computer readable storage 

medium. The computer readable storage medium stores a computer program. When the 

computer program is executed by one or more processors, the steps of the above pose 

determination method are implemented. 

[0030] Various aspects from the second to the fourth aspects and the technical effects that 

can be achieved by the various aspects refer to description of the technical effects that can be 

achieved by the first aspect or various possible solutions in the first aspect, and will not be 

repeated here. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0031] FIG. 1 is a schematic diagram of a pose determination method provided by the 

present application. 

[0032] FIG. 2 is an algorithm description diagram of a pose determination method provided 

by the present application. 
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[0033] FIG. 3 is a schematic diagram of a pose determination apparatus provided by the 

present application. 

[0034] FIG. 4 is a schematic structural diagram of an electronic device provided by the 

present application. 

 

DETAILED DESCRIPTION  

[0035] In order to make objects, technical solutions and advantages of the present 

application clearer, the present application will be further described in detail below with 

reference to the accompanying drawings. The specific operation manner in the method 

embodiment may also be applied to the apparatus embodiment or the system embodiment. 

[0036] In the description of the present application, “a plurality of” is understood as “at 

least two”. “And/or” describes an association relationship of association objects, and 

represents that there can be three types of relationships. For example, A and/or B can 

represent: existence of A alone, existence of both A and B, and existence of B alone. The 

connection between A and B may represent that A is directly connected to B, or A is 

connected to B via C. In addition, in the description of the present application, the terms, such 

as “first” and “second”, are merely used for a purpose of distinguishing descriptions, cannot 

be understood as indicating or implying relative importance, and cannot be understood as 

indicating or implying an order. 

[0037] At present, for mainstream high-precision positioning in the field of autonomous 

driving, a multi-sensor fusion solution is adopted, which combines a GNSS, IMUs, vision 

sensors, high-definition maps, and wheel speed sensors. Integration is performed by using the 

IMUs or the IMUs together with the wheel speed sensors, observation is performed by using 

the GNSS, the vision sensors, and the high-definition maps, and integration positioning is 

performed on the basis of observation correction. 

[0038] Because the GNSS and the visual sensor need a certain time when receiving signals, 

there is a situation that the observation pose generated by the GNSS or the observation pose 

generated by the visual sensor in combination with the high-definition map is earlier than the 

integration pose in time, and when the observation pose is earlier than the integration pose in 

time, front-back jumping or transverse jumping of the positioning pose may occur, which 

results in an unstable final positioning result. 

[0039] To solve the above technical problem, the present application provides a pose 

determination method, to improve stability and precision of the positioning pose. 

[0040] Referring to FIG. 1, FIG. 1 is a schematic flowchart of a pose determination method 
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provided by an embodiment of the present application. The specific implementation process 

of the method includes the following steps 101-104. 

[0041] At step 101, a current first integration pose, first observation pose, and second 

observation pose of a vehicle are acquired. 

[0042] In the embodiment of the present application, the first integration pose is obtained by 

integrating a wheel speed and an angular velocity of the vehicle, the first observation pose is 

a pose provided by a global navigation satellite system (GNSS), and the second observation 

pose is a pose provided by a visual sensor of the vehicle in combination with map data. 

[0043] It should be noted that the pose is represented by a letter T, where T is a 4×4 matrix, 

and the specific composition of the matrix is: T = [
R 𝑡
0 1

], R is a 3×3 matrix, representing 

rotation from the body coordinate system to the world coordinate system, and t is a 3×1 

vector, representing translation from the body coordinate system to the world coordinate 

system. 

[0044] Specifically, the wheel speed is obtained by the wheel speed sensor, the angular 

velocity is provided by the inertial sensor IMU, and the initial pose of the vehicle at startup is 

provided by the GNSS. Based on the wheel speed and angular velocity of the vehicle, 

integration recursion is performed on the basis of the initial pose to obtain the first integration 

pose. The first integration pose may be represented by T
I
, and the integration may be, but is 

not limited to, a midpoint integration. The specific integration process is integrating the 

wheel speed and the angular velocity to obtain a relative pose, and multiplying the relative 

pose by the initial pose of the vehicle to obtain the first integration pose T
I
. 

[0045] In the embodiment of the present application, the wheel speed and the angular 

velocity are acquired in real time, so the first integration pose T
I
 at each moment is obtained 

by continuously performing the integration according to the wheel speed and the angular 

velocity at each moment. 

[0046] The first observation pose is provided by the GNSS positioning data of the vehicle, 

and may be represented by T
G
. The GNSS positioning data may provide an observation pose 

with a first covariance. When filtering is performed, the first covariance of the observation 

pose participates in calculation of the filtering gain, thereby affecting the final output 

positioning pose. Therefore, the first covariance is adjusted as required, so that disturbance of 

the first covariance to the filtered pose may be reduced. 

[0047] Specifically, two adjacent frames of observation poses are acquired through raw 

GNSS positioning data, and a first relative pose between the two adjacent frames of 
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observation poses is calculated. The first relative pose may be represented as ΔT
G
. 

Meanwhile, two adjacent frames of integration poses at moments corresponding to the two 

adjacent frames of observation poses are acquired, and a second relative pose between the 

two adjacent frames of integration poses is calculated. The second relative pose may be 

expressed as ΔT
I
. 

[0048] For example, the observation pose T
G

t at the moment t and the observation pose 

T
G

t+1 at the moment t+1 are acquired through the raw GNSS positioning data, and the first 

relative pose ΔT
G＝（T

G
t+1）

-1
T

G
t is calculated; meanwhile, the integration pose T

I
t at the 

moment t and the integration pose T
I
t+1 at the moment t+1 are acquired, and the second 

relative pose ΔT
I＝（T

I
t+1）

-1
T

I
t is calculated. 

[0049] An absolute value │（ΔT
G）-1

ΔT
I
│ of a difference between the first relative pose and 

the second relative pose is calculated according to the first relative pose and the second 

relative pose, and it is determined whether the absolute value is less than a preset threshold. If 

the absolute value is less than the preset threshold, the first covariance of the raw GNSS 

positioning data is not adjusted, and the first observation pose is obtained based on the raw 

GNSS positioning data; and if the absolute value is greater than or equal to the preset 

threshold, it indicates that the observation pose provided by the raw GNSS positioning data 

has low precision and poor quality, the first covariance of the raw GNSS positioning data is 

adjusted to the first target covariance, and the first observation pose of the GNSS positioning 

data is obtained. 

[0050] The second observation pose is obtained by the visual sensor of the vehicle in 

combination with the map data, and may be represented by T
M

. Specifically, the visual sensor 

collects visual perception data, where element location information in the map is known. The 

visual perception data is matched with the map data to obtain one or more matching pairs, 

and optimization processing is performed on the one or more matching pairs to obtain a 

residual. The optimization may be a least squares optimization. The second covariance 

carried in the second observation pose is adjusted according to the one or more matching 

pairs and the residual. It is determined whether the number of the one or more matching pairs 

is greater than or equal to a first set value, and whether the residual is less than or equal to a 

second set value. If the number of the one or more matching pairs is greater than or equal to 

the first set value and the residual is less than or equal to the second set value, the second 

covariance is not adjusted, and the second observation pose is obtained based on the visual 

perception data, in combination with the map data and the second covariance. If the number 
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of the one or more matching pairs is less than the first set value or the residual is greater than 

the second set value, the second covariance is adjusted to a second target covariance, and the 

second observation pose is obtained based on the visual perception data, in combination with 

the map data and the second target covariance. 

[0051] At step 102, integration pose interpolation is performed when an integration moment 

of the first integration pose is different from a target observation moment, to obtain a second 

integration pose having an integration moment identical to the target observation moment. 

[0052] In the embodiment of the present application, the target observation moment is an 

observation moment that meets a preset requirement from a first observation moment of the 

first observation pose and a second observation moment of the second observation pose. The 

preset requirement may be an observation moment with a minimum time value, that is, the 

observation moment with the minimum time value among the first observation moment and 

the second observation moment is used as the target observation moment. For example, the 

first observation moment of the first observation pose is the 1st s, the second observation 

moment of the second observation pose is the 2nd s, and the time value 1 of the first 

observation moment is less than the time value 2 of the second observation moment, so the 

first observation moment is used as the target observation moment. 

[0053] Specifically, there are the following two situations that the integration moment of the 

first integration pose is different from the target observation moment. 

[0054] In the first situation, the integration moment of the first integration pose is later than 

the target observation moment. For example, if the current first integration pose is the 

integration pose at the 3rd s, and the current observation pose is the observation pose at the 

1st s, the integration moment of the current first integration pose is later than the target 

observation moment of the current observation pose. 

[0055] In the second situation, the integration moment of the first integration pose is earlier 

than the target observation moment. For example, if the current first integration pose is the 

integration pose at the 2nd s, and the current observation pose is the observation pose at the 

3rd s, the integration moment of the current first integration pose is earlier than the target 

observation moment of the current observation pose. 

[0056] The integration moment of the first integration pose being later or earlier than the 

target observation moment depends on different transmission manners of data. 

[0057] When the integration moment of the first integration pose is later than the target 

observation moment, two frames of historical integration poses, a moment immediately 

before the target observation moment and a moment immediately after the target observation 
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moment in a time sequence, are searched for. For example, if the integration moment of the 

first integration pose is the 10th s, and the target observation moment is the 9.8th s, the 

historical integration pose at the 9.9th s and the historical integration pose at the 9.7th s are 

searched for. After two frames of historical integration poses are found, the interpolation is 

performed on the two frames of historical integration poses. The interpolation may be 

performing linear interpolation on the poses, or performing spherical linear interpolation on 

the poses. After performing the interpolation, a second integration pose having the integration 

moment identical to the target observation moment is obtained, and may be represented by 

T
I＇

. 

[0058] When the integration moment of the first integration pose is earlier than the target 

observation moment, the integration continues to be performed based on the first integration 

pose until the integration moment is greater than or equal to the target observation moment. 

For example, if the integration moment of the first integration pose is the 9.8th s, and the 

target observation moment is the 10th s, the integration continues to be performed on the first 

integration pose until the integration moment is greater than or equal to the 10th s. Then, the 

two frames of historical integration poses, the moment immediately before the target 

observation moment and the moment immediately after the target observation moment in the 

time sequence, are searched for, and the interpolation is performed on the two frames of 

historical integration poses. The interpolation may be performing linear interpolation on the 

poses, or performing spherical linear interpolation on the poses. After performing the 

interpolation, the second integration pose T
I＇ 

having the integration moment identical to the 

target observation moment is obtained. In an embodiment, if the integration moment of the 

first integration pose is the 9.8th s, and the target observation moment is the 10th s, the 

integration continues to be performed on the first integration pose, for example, an 

integration pose at the integration moment 9.9th s and an integration pose at the integration 

moment 10.1th s are obtained, and the interpolation may be performed on the two integration 

poses, to obtain the second integration pose having the integration moment identical to the 

target observation moment. 

[0059] At step 103, a target pose correction matrix is determined according to the first 

observation pose, the second observation pose, the second integration pose, and a current 

pose correction matrix. 

[0060] Because the integration moment of the current first integration pose is later than or 

earlier than the target observation moment, there is an unstable phenomenon of front-back 
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jumping or transverse jumping of the positioning pose obtained based on the current first 

integration pose, first observation pose, and second observation pose. In view of this, in the 

embodiment of the present application, the pose correction matrix is introduced and the first 

integration pose at the integration moment later than or earlier than the target observation 

moment is corrected, so that the finally obtained positioning pose is stable and has relatively 

high precision. 

[0061] In the embodiment of the present application, the initial pose correction matrix is a 

set matrix, and may be, but is not limited to, a standard matrix. The pose correction matrix is 

dynamically updated according to the first observation pose, the second observation pose, and 

the second integration pose. 

[0062] Specifically, the second integration pose is multiplied by the current pose correction 

matrix to obtain a predicted pose, and the predicted pose, the first observation pose, and the 

second observation pose are input into a filter for filtering to obtain a filtered pose. The filter 

may be an EKF (extended kalman filter), an ESKF (error state kalman filter), or the like, and 

the filtered pose may be represented by T
F
. 

[0063] Based on the filtered pose T
F
 and the second integration pose T

I＇
, the target pose 

correction matrix is calculated, that is, the pose correction matrix is updated. The specific 

calculation formula is as follows: 

ΔT＝T
F
(T

I＇
)

-1
; 

[0064] ΔT is the target pose correction matrix, T
F
 is the filtered pose, and T

I＇
 is the second 

integration pose. 

[0065] At step 104, a positioning pose of the vehicle is obtained based on the first 

integration pose and the target pose correction matrix. 

[0066] In the embodiment of the present application, after the target pose correction matrix 

ΔT is obtained, the positioning pose of the vehicle is obtained by using the first integration 

pose T
I
 and the target pose correction matrix ΔT. A specific formula for calculating the 

positioning pose is as follows: 

T＝ΔT T
I
; 

[0067] T is the positioning pose, ΔT is the target pose correction matrix, that is, the pose 

correction matrix corresponding to the current first integration pose, and T
I
 is the current first 

integration pose. 

[0068] In the embodiment of the present application, by using the pose correction matrix, no 

matter whether the observation pose is earlier than or later than the current first integration 
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pose in time, it can be ensured that the finally obtained positioning pose does not jump, 

thereby improving stability and precision of the positioning result. 

[0069] Referring to FIG. 2, FIG. 2 is an algorithm description diagram of a pose 

determination method provided by an embodiment of the present application. The algorithm 

is mainly applied to a scenario in which an observation moment of an observation pose is 

later than or earlier than an integration moment of an integration pose. As shown in FIG. 2, 

the algorithm may be divided into three portions: integration, observation, and correction. 

[0070] The integration portion is a specific algorithm for determining the first integration 

pose. 

[0071] Taking IMU+wheel speed integration as an example, the IMU provides an angular 

velocity, the GNSS provides an initial pose of the vehicle at startup, the integration is 

performed according to the angular velocity and the wheel speed to obtain a relative pose, 

and the first integration pose may be obtained by multiplying the relative pose by the initial 

pose. In the integration portion, as long as information of the angular velocity and the wheel 

speed is continuously received, the integration may be performed continuously to update the 

first integration pose. 

[0072] The observation portion is a specific algorithm for determining an observation pose. 

Observation poses are divided into a first observation pose provided by the GNSS positioning 

data and a second observation pose provided by the visual perception data and map data. 

[0073] When the first observation pose is provided based on the GNSS, the first covariance 

of the raw GNSS positioning data is adjusted according to the absolute value │（ΔT
G）-1

ΔT
I
│ 

of the difference between the first relative pose ΔT
G
 of two adjacent frames of observation 

poses provided by the GNSS positioning data and the second relative pose ΔT
I
 of two frames 

of integration poses at corresponding moments. If the absolute value │（ΔT
G）-1

ΔT
I
│ is less 

than the preset threshold, the first covariance of the raw GNSS positioning data is not 

adjusted, and the first observation pose is provided based on the raw GNSS positioning data; 

and if the absolute value │（ΔT
G）-1

ΔT
I
│ is greater than or equal to the preset threshold, the 

first covariance of the raw GNSS positioning data is adjusted to the first target covariance, 

and the GNSS positioning data is obtained to provide the first observation pose. 

[0074] When the second observation pose is provided based on the visual perception data 

and the map data, the visual perception data is matched with the map data to obtain one or 

more matching pairs, least square optimization is performed on the one or more matching 

pairs, to obtain an optimized residual, and the second covariance carried in the second 
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observation pose is adjusted according to the one or more matching pairs and the residual. It 

is determined whether the number of the one or more matching pairs is greater than or equal 

to a first set value, and whether the residual is less than or equal to a second set value. If the 

number of the one or more matching pairs is greater than or equal to the first set value and the 

residual is less than or equal to the second set value, the second covariance is not adjusted, 

and the second observation pose is obtained based on the visual perception data, in 

combination with the map data and the second covariance. If the number of the one or more 

matching pairs is less than the first set value or the residual is greater than the second set 

value, the second covariance is adjusted to a second target covariance, and the second 

observation pose is obtained based on the visual perception data, in combination with the 

map data and the second target covariance. The first observation pose and the second 

observation pose are collectively referred to as observation poses. 

[0075] The correction portion is an algorithm for determining the pose correction matrix. 

[0076] When the observation pose is earlier than the current first integration pose in time, 

two frames of historical integration poses that are closest to the target observation moment 

before and after the target observation moment in the time sequence are searched for. The 

target observation moment is an observation moment with an earlier time value in the time 

sequence among a first observation moment corresponding to the first observation pose and a 

second observation moment corresponding to the second observation pose. After two frames 

of historical integration poses are found, the interpolation is performed on the two frames of 

historical integration poses. The interpolation may be performing linear interpolation on the 

poses, or performing spherical linear interpolation on the poses. After performing the 

interpolation, the second integration pose having the integration moment identical to the 

target observation moment is obtained. 

[0077] When the observation pose is later than the current first integration pose in time, the 

integration continues to be performed based on the first integration pose until the integration 

moment is greater than or equal to the target observation moment, then two frames of 

historical integration poses that are closest to the target observation moment before and after 

the target observation moment in the time sequence are searched for, and the integration is 

performed on the two frames of historical integration poses. The interpolation may be 

performing linear interpolation on the poses, or performing spherical linear interpolation on 

the poses. After performing the interpolation, the second integration pose having the 

integration moment identical to the target observation moment is obtained. 

[0078] The second integration pose is multiplied by the current pose correction matrix to 



 

14 

obtain a predicted pose, and the predicted pose, the first observation pose, and the second 

observation pose are input into a filter for filtering to obtain a filtered pose. Then, an updated 

pose correction matrix is calculated based on the filtered pose T
F
 and the second integration 

pose T
I＇

, where a calculation formula is ΔT＝T
F
(T

I＇
)

-1
. The positioning pose T is calculated 

by using the first integration pose T
I
 and the latest pose correction matrix ΔT, where the 

calculation formula is: T＝ΔT T
I
. 

[0079] Based on the algorithm of the pose determination method provided above, the 

positioning pose with high stability and high precision can be obtained, and it is ensured that 

the output positioning result does not jump. 

[0080] Based on the same inventive concept, the present application further provides a pose 

determination apparatus, to improve stability and precision of the positioning pose. Referring 

to FIG. 3, the apparatus includes: 

[0081] an acquisition module 301, configured to acquire a current first integration pose, first 

observation pose, and second observation pose of a vehicle, where the first observation pose 

is a pose provided by a global navigation satellite system (GNSS), and the second 

observation pose is a pose provided by a visual sensor in combination with map data; 

[0082] an interpolation module 302, configured to perform integration pose interpolation 

when an integration moment of the first integration pose is different from a target observation 

moment, to obtain a second integration pose having an integration moment identical to the 

target observation moment, where the target observation moment is an observation moment 

that meets a preset requirement from a first observation moment of the first observation pose 

and a second observation moment of the second observation pose; 

[0083] a determination module 303, configured to determine a target pose correction matrix 

according to the first observation pose, the second observation pose, the second integration 

pose, and a current pose correction matrix; and 

[0084] a positioning module 304, configured to obtain a positioning pose of the vehicle 

based on the first integration pose and the target pose correction matrix. 

[0085] In a possible design, the acquisition module 301 is specifically configured to: 

perform integration on an initial pose of the vehicle based on a wheel speed and an angular 

velocity of the vehicle to obtain the first integration pose, where the initial pose is a pose of 

the vehicle at startup; obtain the first observation pose based on global navigation satellite 

system (GNSS) positioning data of the vehicle; and obtain the second observation pose based 

on a visual sensor of the vehicle in combination with map data. 
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[0086] In a possible design, the interpolation module 302 is specifically configured to: when 

the integration moment of the first integration pose is later than the target observation 

moment, perform the integration pose interpolation to obtain the second integration pose 

having the integration moment identical to the target observation moment; or when the 

integration moment of the first integration pose is earlier than the target observation moment, 

continue to perform integration based on the first integration pose until the integration 

moment is greater than or equal to the target observation moment, and perform the 

integration pose interpolation to obtain the second integration pose having the integration 

moment identical to the target observation moment. 

[0087] In a possible design, the determination module 303 is specifically configured to: 

multiply the second integration pose by the current pose correction matrix to obtain a 

predicted pose; filter the predicted pose, the first observation pose, and the second 

observation pose to obtain a filtered pose; and calculate the target pose correction matrix 

based on the filtered pose and the second integration pose. 

[0088] In a possible design, the interpolation module 302 is further configured to: search for 

two frames of historical integration poses, where integration moments of the two frames of 

historical integration poses are a moment immediately before the target observation moment 

and a moment immediately after the target observation moment, respectively; and perform 

the interpolation on the two frames of historical integration poses. 

[0089] In a possible design, the apparatus is further configured to: determine whether an 

absolute value of a difference between a first relative pose and a second relative pose is less 

than a preset threshold, where the first relative pose is a relative pose between two adjacent 

frames of observation poses provided by raw GNSS positioning data, and the second relative 

pose is a relative pose between two frames of integration poses at moments corresponding to 

the two adjacent frames of observation poses; if the absolute value is less than the preset 

threshold, not adjust a first covariance of the raw GNSS positioning data, and obtain the first 

observation pose based on the raw GNSS positioning data; and if the absolute value is greater 

than or equal to the preset threshold, adjust the first covariance of the raw GNSS positioning 

data to a first target covariance to obtain the GNSS positioning data, and obtain the first 

observation pose based on the GNSS positioning data. 

[0090] In a possible design, the apparatus is further configured to: capture visual perception 

data based on the visual sensor, match the visual perception data with the map data to obtain 

one or more matching pairs, and perform optimization processing on the one or more 

matching pairs to obtain a residual; determine whether the number of the one or more 
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matching pairs is greater than or equal to a first set value, and whether the residual is less 

than or equal to a second set value; if the number of the one or more matching pairs is greater 

than or equal to the first set value and the residual is less than or equal to the second set value, 

not adjust a second covariance, and obtain the second observation pose based on the visual 

perception data, the map data, and the second covariance; and if the number of the one or 

more matching pairs is less than the first set value or the residual is greater than the second 

set value, adjust the second covariance to a second target covariance, and obtain the second 

observation pose based on the visual perception data, the map data, and the second target 

covariance. 

[0091] Based on the same inventive concept, an embodiment of the present application 

further provides an electronic device. The electronic device may implement a function of the 

above pose determination apparatus. Referring to FIG. 4, the electronic device includes: 

[0092] at least one processor 401 and a memory 402 connected to the at least one processor 

401. A specific connection medium between the processor 401 and the memory 402 is not 

limited in the embodiment of the present application. In FIG. 4, the connection between the 

processor 401 and the memory 402 via a bus 400 is taken as an example. The bus 400 is 

represented by a thick line in FIG. 4, and connection manners between other components are 

merely for illustrative description, and are not limited thereto. The bus 400 may be classified 

into an address bus, a data bus, a control bus, and the like. For ease of representation, only 

one thick line is used to represent the bus 400 in FIG. 4, but this does not mean that there is 

only one bus or one type of bus. Alternatively, the processor 401 may also be referred to as a 

controller, and a name is not limited. 

[0093] In the embodiment of the present application, the memory 402 stores instructions 

executable by the at least one processor 401, and the at least one processor 401 may perform 

the pose determination method described above by executing the instructions stored in the 

memory 402. The processor 401 may implement functions of various modules in the 

apparatus shown in FIG. 3. 

[0094] The processor 401 is a control center of the apparatus, and may connect various parts 

of the entire control device by using various interfaces and lines, and perform overall 

monitoring on the apparatus by running or executing instructions stored in the memory 402 

and invoking data stored in the memory 402, and various functions and processing data of the 

apparatus. 

[0095] In a possible design, the processor 401 may include one or more processing units. 

The processor 401 may integrate an application processor and a modem processor. The 
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application processor mainly processes an operating system, user interfaces, application 

programs, and the like, and the modem processor mainly processes wireless communication. 

It may be understood that the modem processor may not be integrated into the processor 401. 

In some embodiments, the processor 401 and the memory 402 may be implemented on a 

same chip. In some embodiments, the processor and the memory may also be separately 

implemented on separate chips. 

[0096] The processor 401 may be a general-purpose processor, for example, a central 

processing unit (CPU), a digital signal processor, an application-specific integrated circuit, a 

field programmable gate array or another programmable logic device, a discrete gate or 

transistor logic device, or a discrete hardware component, and may implement or perform the 

method, steps, and logical block diagrams disclosed in the embodiments of the present 

application. The general-purpose processor may be a microprocessor or any conventional 

processor or the like. The steps of the pose determination method disclosed with reference to 

the embodiments of the present application may be directly performed by a hardware 

processor, or may be performed by using a combination of hardware and a software module 

in the processor. 

[0097] As a non-volatile computer-readable storage medium, the memory 402 may be 

configured to store non-volatile software programs, non-volatile computer-executable 

programs, and modules. The memory 402 may include at least one type of storage medium, 

for example, may include a flash memory, a hard disk, a multimedia card, a card-type 

memory, a random access memory (RAM), a static random access memory (SRAM), a 

programmable read only memory (PROM), a read only memory (ROM), an electrically 

erasable programmable read-only memory (EEPROM), a magnetic memory, a magnetic disk, 

an optical disk, or the like. The memory 402 is any other medium capable of carrying or 

storing desired program codes in the form of instructions or data structures and capable of 

being accessed by a computer, but is not limited thereto. The memory 402 in the embodiment 

of the present application may alternatively be a circuit or any other apparatus that can 

implement a storage function, and is configured to store program instructions and/or data. 

[0098] By designing and programming the processor 401, codes corresponding to the pose 

determination method described in the above embodiment may be solidified into the chip, so 

that the chip can perform the steps of the pose determination method in the embodiment 

shown in FIG. 1 when running. How to design and program the processor 401 is a technology 

known to those skilled in the art, and details are not described herein again. 

[0099] Based on the same inventive concept, an embodiment of the present application 
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further provides a storage medium. The storage medium stores computer instructions, and 

when the computer instructions run on a computer, the computer is enabled to perform the 

above pose determination method. 

[0100] In some possible implementations, various aspects of the pose determination method 

provided in the present application may further be implemented in a form of a program 

product, including program codes. When the program product runs on the apparatus, the 

program codes are used to cause the control device to perform the steps of the pose 

determination method according to the various example implementations of the present 

application described above in this specification. 

[0101] Those skilled in the art should understand that embodiments of the present 

application may be provided as a method, an apparatus, or a computer program product. 

Therefore, the present application may take the form of complete hardware embodiments, 

complete software embodiments, or embodiments combining software and hardware aspects. 

Furthermore, the present application may take the form of a computer program product that is 

implemented on one or more computer available storage medium (including but not limited 

to a magnetic disk memory, a CD-ROM, an optical memory, etc.) containing computer 

available program codes. 

[0102] The present application is described with reference to the flow diagrams and/or the 

block diagrams of the method, device (system), and computer program product according to 

the embodiments of the present application. It should be understood that each flow and/or 

each block in the flow diagrams and/or the block diagrams and the combination of flows 

and/or blocks in the flow diagrams and/or the block diagrams may be realized by computer 

program instructions. These computer program instructions may be provided to a processor 

of a general-purpose computer, a special-purpose computer, an embedded processor, or other 

programmable data processing devices to generate a machine, such that the instructions 

executed by the processor of the computer or other programmable data processing devices 

generate an apparatus for implementing functions specified in one or more flows of the flow 

diagrams and/or one or more blocks of the block diagrams. 

[0103] These computer program instructions may also be stored in a computer-readable 

memory that can guide a computer or other programmable data processing devices to work in 

a specific way, such that the instructions stored in the computer-readable memory generate a 

manufacturing product including an instruction apparatus. The instruction apparatus 

implements the functions specified in one or more flows of the flow diagrams and/or one or 

more blocks of the block diagrams. 
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[0104] These computer program instructions may also be loaded to a computer or other 

programmable data processing devices, such that a series of operation steps are performed on 

the computer or the other programmable electronic devices to generate 

computer-implemented processing. Therefore, the instructions executed on the computer or 

the other programmable devices provide steps for implementing the functions specified in 

one or more flows of the flow diagrams and/or one or more blocks of the block diagrams. 

[0105] Obviously, those skilled in the art may make various modifications and variations to 

the present application without departing from the spirit and scope of the present application. 

Thus, if these modifications and variations to the present application fall within the scope of 

the claims of the present application and their equivalents, the present application is also 

intended to include these modifications and variations. 
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CLAIMS 

1. A pose determination method, comprising: 

acquiring a current first integration pose, first observation pose, and second observation 

pose of a vehicle; 

performing integration pose interpolation when an integration moment of the first 

integration pose is different from a target observation moment, to obtain a second integration 

pose having an integration moment identical to the target observation moment, wherein the 

target observation moment is an observation moment that meets a preset requirement from a 

first observation moment of the first observation pose and a second observation moment of 

the second observation pose; 

determining a target pose correction matrix according to the first observation pose, the 

second observation pose, the second integration pose, and a current pose correction matrix; 

and 

obtaining a positioning pose of the vehicle based on the first integration pose and the 

target pose correction matrix. 

 

2. The method of claim 1, wherein performing the integration pose interpolation when the 

integration moment of the first integration pose is different from the target observation 

moment, to obtain the second integration pose having the integration moment identical to the 

target observation moment, comprises: 

when the integration moment of the first integration pose is later than the target 

observation moment, performing the integration pose interpolation to obtain the second 

integration pose having the integration moment identical to the target observation moment; or 

when the integration moment of the first integration pose is earlier than the target 

observation moment, continuing to perform integration based on the first integration pose 

until the integration moment is greater than or equal to the target observation moment, and 

performing the integration pose interpolation to obtain the second integration pose having the 

integration moment identical to the target observation moment. 

 

3. The method of claim 1, wherein determining the target pose correction matrix according to 
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the first observation pose, the second observation pose, the second integration pose, and the 

current pose correction matrix, comprises: 

multiplying the second integration pose by the current pose correction matrix to obtain a 

predicted pose; 

filtering the predicted pose, the first observation pose, and the second observation pose to 

obtain a filtered pose; and 

calculating the target pose correction matrix based on the filtered pose and the second 

integration pose. 

 

4. The method of claim 2, wherein performing the integration pose interpolation, comprises: 

searching for two frames of historical integration poses, wherein integration moments of 

the two frames of historical integration poses are a moment immediately before the target 

observation moment and a moment immediately after the target observation moment, 

respectively; and 

performing interpolation on the two frames of historical integration poses. 

 

5. The method of claim 1, wherein acquiring the current first integration pose, first 

observation pose, and second observation pose of the vehicle, comprises: 

performing integration on an initial pose of the vehicle based on a wheel speed and an 

angular velocity of the vehicle to obtain the first integration pose, wherein the initial pose is a 

pose of the vehicle at startup; 

obtaining the first observation pose based on global navigation satellite system (GNSS) 

positioning data of the vehicle; and 

obtaining the second observation pose based on a visual sensor of the vehicle in 

combination with map data. 

 

6. The method of claim 5, wherein obtaining the first observation pose based on the GNSS 

positioning data of the vehicle, comprises: 

determining whether an absolute value of a difference between a first relative pose and a 
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second relative pose is less than a preset threshold, wherein the first relative pose is a relative 

pose between two adjacent frames of observation poses provided by raw GNSS positioning 

data, and the second relative pose is a relative pose between two frames of integration poses 

at moments corresponding to the two adjacent frames of observation poses; 

if the absolute value is less than the preset threshold, not adjusting a first covariance of 

the raw GNSS positioning data, and obtaining the first observation pose based on the raw 

GNSS positioning data; and 

if the absolute value is greater than or equal to the preset threshold, adjusting the first 

covariance of the raw GNSS positioning data to a first target covariance to obtain the GNSS 

positioning data, and obtaining the first observation pose based on the GNSS positioning 

data. 

 

7. The method of claim 5, wherein obtaining the second observation pose based on the visual 

sensor of the vehicle in combination with the map data, comprises: 

collecting visual perception data based on the visual sensor, matching the visual 

perception data with the map data to obtain one or more matching pairs, and performing 

optimization processing on the one or more matching pairs to obtain a residual; 

determining whether a number of the one or more matching pairs is greater than or equal 

to a first set value, and whether the residual is less than or equal to a second set value; 

if the number of the one or more matching pairs is greater than or equal to the first set 

value and the residual is less than or equal to the second set value, not adjusting a second 

covariance, and obtaining the second observation pose based on the visual perception data, 

the map data, and the second covariance; and 

if the number of the one or more matching pairs is less than the first set value or the 

residual is greater than the second set value, adjusting the second covariance to a second 

target covariance, and obtaining the second observation pose based on the visual perception 

data, the map data, and the second target covariance. 

 

8. A pose determination apparatus, comprising: 

an acquisition module, configured to acquire a current first integration pose, first 
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observation pose, and second observation pose of a vehicle, wherein the first observation 

pose is a pose provided by a global navigation satellite system (GNSS), and the second 

observation pose is a pose provided by a visual sensor in combination with map data; 

an interpolation module, configured to perform integration pose interpolation when an 

integration moment of the first integration pose is different from a target observation moment, 

to obtain a second integration pose having an integration moment identical to the target 

observation moment, wherein the target observation moment is an observation moment that 

meets a preset requirement from a first observation moment of the first observation pose and 

a second observation moment of the second observation pose; 

a determination module, configured to determine a target pose correction matrix 

according to the first observation pose, the second observation pose, the second integration 

pose, and a current pose correction matrix; and 

a positioning module, configured to obtain a positioning pose of the vehicle based on the 

first integration pose and the target pose correction matrix. 

 

9. An electronic device, comprising: 

a memory, configured to store a computer program; and 

one or more processors, configured to execute the computer program stored in the 

memory to implement steps of the method of any one of claims 1 to 7. 

 

10. A computer readable storage medium, storing a computer program, wherein the computer 

program, when executed by one or more processors, implements steps of the method of any 

one of claims 1 to 7. 


