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METHOD AND APPARATUS FOR AUTOMATICALLY ANNOTATING AN
OBSTACLE, AND RELATED DEVICES

TECHNICAL FIELD
[0001] The present disclosure relates to the field of artificial intelligence technology, in
particular, to technologies fields of autonomous driving, neural network, deep learning and the

like.

BACKGROUND

[0002] With continuous advancement of artificial intelligence technology, autonomous driving
vehicles are gradually becoming an important component of future transportation. A core of
autonomous driving technology lies in achieving autonomous driving of vehicles, which requires
not only a capability of understanding surrounding environment but also an ability to handle
various driving scenarios.

[0003] During this process, environmental perception technology plays a crucial role,
especially in precise detection and recognition of obstacles, which have a decisive impact on
ensuring safety of the autonomous driving vehicles and improving navigation efficiency of the
autonomous driving vehicles. Meanwhile, obstacle detection relies on a large amount of annotated

data.

SUMMARY

[0004] The present disclosure provides performance optimization method and apparatus for
automatically annotating an obstacle, a device and a storage medium.
[0005] According to an aspect of the present disclosure, a method for automatically annotating
an obstacle is provided, which includes:

optimizing a target parameter in a projection relationship based on a re-projection error, the
projection relationship is used to project a target obstacle from a reference frame onto a frame to
be optimized, and satisfies a constraint in which positions of the target obstacle in different frames
are consistent in an obstacle coordinate system established according to the target obstacle; and

determining a target pose of the target obstacle based on the optimized target parameter.
[0006] According to another aspect of the present disclosure, an apparatus for automatically
annotating an obstacle is provided, which includes:

an optimization module configured to optimize a target parameter in a projection
relationship based on a re-projection error, the projection relationship is used to project a target

obstacle from a reference frame onto a frame to be optimized, and satisfies a constraint in which
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positions of the target obstacle in different frames are consistent in an obstacle coordinate system
established according to the target obstacle; and

a determination module configured to determine a target pose of the target obstacle based
on the optimized target parameter.
[0007] According to another aspect of the present disclosure, an electronic device is provided,
which includes:

at least one processor; and

a memory connected in communication with the at least one processor;

the memory stores an instruction executable by the at least one processor, and the instruction,
when executed by the at least one processor, enables the at least one processor to execute the
method of any embodiment in the present disclosure.
[0008] According to another aspect of the present disclosure, a non-transitory computer-
readable storage medium storing a computer instruction thereon is provided, where the computer
instruction is used to cause a computer to execute the method of any embodiment in the present
disclosure.
[0009] According to another aspect of the present disclosure, a computer program product is
provided, which includes a computer program, the computer program, when executed by a
processor, implements the method of any embodiment in the present disclosure.
[0010] According to another aspect of the present disclosure, an autonomous driving vehicle is
provided, including the electronic device as described above.
[0011] It should be understood that contents described in this part is not intended to identify
key or important features of the embodiments of the present disclosure, nor is it intended to limit
the scope of the present disclosure. The other features of the present disclosure are made easy to

be understood by the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Accompanying drawings are provided for a better understanding of the present scheme
and do not constitute a limitation of the present disclosure, in which:
[0013] FIG. 1 is a schematic flow diagram of a method for automatically annotating an obstacle
according to an embodiment of the present disclosure;
[0014] FIG. 2 is a schematic flow diagram of determining a set of initial pixels of a target
obstacle in a reference frame according to an embodiment of the present disclosure;
[0015] FIG. 3 is a schematic flow diagram of determining a re-projection error according to an
embodiment of the present disclosure;

[0016] FIG. 4 is a whole flow diagram of a method for automatically annotating an obstacle
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according to an embodiment of the present disclosure;

[0017] FIG. 5 is a framework diagram of a BA service optimization process according to an
embodiment of the present disclosure;

[0018] FIG. 6 is a structural diagram of an apparatus for automatically annotating an obstacle
according to an embodiment of the present disclosure;

[0019] FIG. 7 i1s a block diagram of an electronic device for achieving a method for

automatically annotating an obstacle according to an embodiment of the present disclosure.

DETAILED DESCRIPTION
[0020] Hereinafter, explanation of exemplary embodiments of the present disclosure will be
made in conjunction with the accompanying drawings, which includes various details of the
embodiments of the present disclosure to facilitate understanding and should be considered
merely exemplary. Therefore, those having ordinary skill in the art should recognize that various
changes and modifications may be made to the embodiments described herein without departing
from the scope of the present disclosure. Similarly, for clarity and conciseness, descriptions of
well-known functions and structures are omitted in the following descriptions.
[0021] Terms “first”, “second” and the like in the present disclosure are only used for
distinguishing similar objects, and are not necessarily used to describe a specific order or
sequence. Furthermore, terms “include”, “have” and any variations thereof are intended to cover
non-exclusive inclusion, for example, including a series of steps or units. Methods, systems,
products or devices are not necessarily limited to those steps or units explicitly listed, but may
include other steps or units that are not explicitly listed or are inherent to these processes, methods,
products or devices.
[0022] In the field of autonomous driving, a highly accurate environmental perception function
is a key to ensuring safe and efficient navigation. A core of environmental perception is obstacle
detection, and accurate recognition and localization of an obstacle are crucial for path planning
and obstacle avoidance strategies. Detection and recognition of the obstacle require a large
amount of annotated data.
[0023] Inrelated technologies, some three-dimensional detection models that can automatically
annotate a point cloud or a BEV (Bird's Eye Views) to obtain a three-dimensional position box of
a detection target are provided. The three-dimensional position box provided bya 3D detection
model includes a pose of the detection target (such as a position center, an orientation, a size), as
well as information such as a category.
[0024] Especially, implementation of object detection by the three-dimensional detection

models relies on a large amount of annotated data. These data include two categories of a dynamic
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target and a static target. Advantages and disadvantages of annotation methods greatly affect
accuracy and an annotation ability of the three-dimensional detection models for implementing
object detection. Especially in the field of autonomous driving, quality of the annotation methods
may affect actual sensory experience of autonomous driving. The annotation ability largely
determines a perception ability of autonomous driving to a surrounding obstacle, while an
annotation sight distance determines an upper limit of an autonomous driving system.

[0025] However, there are some shortcomings in automatic annotation methods of an obstacle
in related technologies: firstly, a scanning range of a conventional radar is limited, such as for a
dynamic target at a long distance, a static target at a medium to long distance, or a low-rise static
target, a scanned point cloud is very sparse, which results in limited annotation abilities for both
manual annotation and model-based automatic annotation methods; and ultimately, an upper limit
of abilities of the three-dimensional detection models is limited; secondly, some automatic
annotation methods require first completing annotation on the point cloud and then matching it
to a corresponding image to achieve an annotation on the image; however, due to issues such as
intrinsic and external parameter calibration and timestamp synchronization between the point
cloud and the image, consistency between the image and the point cloud is poor, which affects
accuracy of automatic annotation; and the limited annotation accuracy also limits annotation
abilities of the three dimensional detection models.

[0026] In view of this, an embodiment of the present disclosure provides a method for
automatically annotate an obstacle. This method supports automatic detection of dynamic and
static targets, which can improve the annotation sight distance. As shown in FIG. 1, it mainly
includes the following contents:

[0027] In S101, a target parameter in a projection relationship is optimized based on a re-
projection error, the projection relationship is used to project a target obstacle from a reference
frame onto a frame to be optimized, and satisfies a constraint in which positions of the target
obstacle in different frames are consistent in an obstacle coordinate system established according
to the target obstacle.

[0028] The reference frame and the frame to be optimized in the embodiment of the present
disclosure each is a two-dimensional image, which maybe an image captured by a camera sensor.
In the field of autonomous driving, it may be a bird's-eye view obtained by fusing images captured
by a plurality of panoramic cameras of a vehicle.

[0029] The target obstacle may be a static target or a dynamic target.

[0030] The re-projection error is an indicator used in computer vision to measure a difference
between a projected position of a three-dimensional point in a two-dimensional image and an

actually observed feature point position. It is a core concept in a beam adjustment algorithm, and
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an optimized three-dimensional point may be made to approach an actual situation by minimizing
the re-projection error.

[0031] The embodiment of the present disclosure makes the same target obstacle in different
frame images has consistent positions after being projected from image coordinate systems of the
different frame images to the obstacle coordinate system, by establishing the obstacle coordinate
system. For example, in the field of autonomous driving, after converting an obstacle D from an
A frame image to the obstacle coordinate system, a position coordinate P1 is obtained, and after
converting the obstacle D from a B frame image to the obstacle coordinate system, a position
coordinate P2 is obtained. Because the obstacle coordinate system is established by taking the
obstacle D itself as a center, the P1 is equal to the P2.

[0032] During implementation, a world coordinate system is used as a medium to establish an
association relationship among the image coordinate systems, a camera coordinate system, and
the obstacle coordinate system, in order to model the projection relationship between the reference
frame and the frame to be optimized. By optimizing the projection relationship to make the
established projection relationship approximate an actual situation, a core parameter (i.e., the
target parameter) used to determine a pose of an obstacle is ultimately obtained.

[0033] In the embodiment of the present disclosure, the target parameter in the projection
relationship is optimized based on the re-projection error, so that the projection relationship
established based on the optimized target parameter can accurately describe the projection
relationship between the reference frame and the frame to be optimized.

[0034] In S102, a target pose of the target obstacle is determined based on the optimized target
parameter.

[0035] The target pose of the target obstacle may include a center position, an angle, and a size
of a three-dimensional position box of the target obstacle in three-dimensional space.

[0036] In the embodiment of the present disclosure, optimizing the target parameter in the
projection relationship based on the re-projection error may make a projected result closer to a
real situation, improve projection accuracy, and thus the target parameter that is in line with an
actual situation is obtained. Then the target pose of the target obstacle is determined based on the
optimized target parameter, thereby achieving automatic annotation of the pose of the target
obstacle. During a whole process, for a point cloud, pose estimation of the target obstacle may be
achieved by using a two-dimensional image acquired synchronously with the point cloud, without
a need for intrinsic and external parameter calibration between the point cloud and the image,
ensuring consistency of the obtained target pose between the point cloud and the image. Moreover,
this method may achieve pose annotation of the target obstacle as long as there are the reference

frame and the frame to be optimized. It is also applicable to a target with a very sparse point cloud,
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thereby improving the annotation sight distance for the static and dynamic targets.

[0037] In the embodiment of the present disclosure, as described above, the reference frame
and the frame to be optimized may be the bird's-eye view in autonomous driving. For example,
SIX panoramic cameras or seven panoramic cameras may be used to capture images of a
surrounding environment of the vehicle, and then the images are fused into one bird's-eye view.
[0038] The bird's-eye view converts environmental information around the vehicle from a
traditional front or side image to a top-down perspective. This perspective is particularly useful
for understanding a spatial layout around the vehicle, detecting an obstacle, and planning a driving
path.

[0039] In the field of autonomous driving, the reference frame refers to a frame of a BEV image
selected as a reference within a certain period of time. The frame to be optimized refers to another
frame of a BEV image that needs to be compared with the reference frame. The reference frame
and the frame to be optimized are usually obtained from a continuous sequence of frames to be
processed, representing an environmental state that changes over time.

[0040] In the embodiment of the present disclosure, the bird's-eye view is used as the reference
frame and the frame to be optimized to satisfy a data requirement in autonomous driving
technology and achieve automatic annotation of the bird's-eye view.

[0041] Of course, it may be understood that for a point cloud image collected by a radar sensor,
a bird's-eye view captured synchronously with the point cloud may also be used to enhance an
annotation ability of point cloud data, in order to overcome a problem of a sparse point cloud and
inability to detect a target. Moreover, the method provided by the embodiment of the present
disclosure may also be used to perform pose detection on the target obstacle on which detection
is missed in the point cloud, in order to supplement the target pose of the target obstacle in a
missed-detection frame.

[0042] In the embodiment of the present disclosure, quality of the reference frame affects
optimization and iteration efficiency. During implementation, an image in which saliency of an
object feature of the target obstacle satisfies a preset condition may be selected from the sequence
of frames to be processed based on the object feature, as the reference frame. The object feature
may refer to a feature that may describe a unique characteristic of the target obstacle, which is
used to identify the target obstacle. The saliency of the object feature may be used to indicate a
degree to which the object feature may accurately describe the target obstacle.

[0043] Each frame image in the sequence of frames to be processed is a two-dimensional image,
a two-dimensional image detection model may detect the sequence of frames to be processed to
obtain two-dimensional position box information of the target obstacle. The two-dimensional

position box information includes a two-dimensional position box (i.e., a center point and a size),
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a category, detection confidence level, and other information of the target obstacle in a
corresponding frame image.

[0044] Selecting the image in which the saliency satisfies the preset condition may be
implemented as selecting an image with the highest detection confidence level of the target
obstacle as the image satisfying the preset condition. Alternatively, an image with image quality
higher than a quality threshold and detection confidence level higher than a confidence level
threshold is be selected as the image satisfying the condition. Alternatively, an image with the
largest size of the two-dimensional position box may be selected as the image satisfying the
condition. It may be understood that during implementation, as long as the image that can stably
and accurately describe the feature of the target obstacle is followed.

[0045] In the embodiment of the present disclosure, the image in which the saliency of the
object feature satisfies the preset condition is selected as the reference frame based on the object
feature of the target obstacle, so that an image with high-quality can be selected as the reference
frame to provide a good data foundation for iterations of optimization of the projection
relationship and improve speed and accuracy of the iterations of optimization.

[0046] The reference frame may be selected based on the saliency of the object feature with
respect to both static and dynamic targets. During implementation, for the dynamic target, since
a pose of the dynamic target may change, a frame closest to the frame to be optimized and
containing the target obstacle may be preferentially selected as the reference frame. A requirement
for feature saliency of the target obstacle may be appropriately lowered in the closest frame.
[0047] Inthe embodiment of the present disclosure, automatic annotation of the dynamic target
is achieved by leveraging strong correlation in the pose between the closest frame and the frame
to be optimized, thereby improving accuracy of the automatic annotation of the dynamic target.
[0048] During implementation, in a case where the target obstacle is the dynamic target, a frame
image in which detection of the target obstacle is missed by the three-dimensional detection model
may be acquired as the frame to be optimized; the three-dimensional detection model is used for
performing target detection on a point cloud or a two-dimensional image to obtain the target pose
of the target obstacle. Then, a suitable reference frame may be selected based on the frame to be
optimized.

[0049] For example, in the case where the target obstacle is the dynamic target, due to an
increase in the annotation sight distance, the point cloud appears relatively sparse or the image
contains less information about the target obstacle, and existing three-dimensional detection
models lack corresponding training data, which limits performance of the three-dimensional
detection models and ultimately leads to missed detection of the dynamic target in some frames.

At this point, in the embodiment of the present disclosure, a frame image in which the missed
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detection of the target obstacle occurs is determined as the frame to be optimized, in order to
implement the method of automatically annotating an obstacle provided in the embodiment of the
present disclosure for a missed-detection frame based on a detection result of the three-
dimensional detection model, in order to continue processing and optimizing the missed-detection
frame and improve an annotation ability for the dynamic target at a far sight distance.

[0050] For the static target, the reference frame may be selected first, and then the frame to be
optimized is determined, which may be implemented as follows:

[0051] In step Al, an optimization direction is acquired;

[0052] In step A2, the frame to be optimized is selected from the sequence of frames to be
processed based on the reference frame and the optimization direction.

[0053] The optimization direction marks whether to optimize from the reference frame forward
or backward in the sequence of frames to be processed for achieving automatic annotation.
[0054] During implementation, starting from the reference frame, the saliency of the object
feature of the target obstacle in frames before the reference frame and after the reference frame
may be compared, and a direction with better saliency may be selected as the optimization
direction. For example, if the saliency of the object feature in the frames before the reference
frame is better than that in the frames after the reference frame, correspondingly, then the
optimization direction is selected as starting from the reference frame and moving forwards.
Otherwise, the optimization direction is selected as starting from the reference frame and moving
backwards.

[0055] In addition, the frame to be optimized may be selected according to a default
optimization direction starting from the reference frame and then is optimized. After several
iterations of optimization, in a case where the re-projection error is difficult to be converged, an
opposite direction of the default optimization direction may be selected as the optimization
direction.

[0056] After determining the optimization direction, the frame to be optimized is selected from
the sequence of frames to be processed based on the reference frame and the optimization
direction. For example, the two-dimensional image detection model detects the target obstacle
from a total of m frames behind the reference frame, one or more frames may be selected from
these m frames as the frame to be optimized. Whether selecting one frame or more frames to be
optimized, implementation of optimizing the target parameter based on the re-projection error is
the same for each frame.

[0057] In the embodiment of the present disclosure, in a case where the target obstacle is the
static target, selecting the frame to be optimized by acquiring the optimization direction and based

on the reference frame can process those frames that need attention in a specific optimization
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direction in a targeted manner, thereby achieving automatic annotation of the target obstacle.
[0058] In some embodiments, due to the sequence of frames to be processed may be long, the
number of frames that need to be processed each time is too high, resulting in a greater
computational burden. Therefore, a timing length may be set to limit the number of frames to be
optimized per processing, in order to improve overall efficiency of automatic annotation.

[0059] For example, the two-dimensional image detection model detects the n-th frame to the
m-th frame, each of which contains the target obstacle, from a two-dimensional BEV image
sequence, where m is greater than n and both m and n are positive integers. One frame with better
feature saliency is selected from the n-th frame to the m-th frame as the reference frame. If (m-n)
is large and all (m-n) frames are used as frame images that need to be processed, it will consume
more computing resources. Therefore, the timing length may be set to ensure that the number of
frames per processing on the target obstacle is within a reasonable range, in order to make
reasonable use of the computing resources.

[0060] After determining the reference frame and the frame to be optimized, in order to
facilitate optimization of the target parameter in the projection relationship, true values of
projected points in the re-projection error may also be automatically determined, that is, a set of
actual pixels the target obstacle in the frame to be optimized.

[0061] In the embodiment of the present disclosure, for the frame to be optimized, the true
values of the projected points required for the re-projection error are determined based on a pixel-
level trajectory tracking method.

[0062] For each pixel in a set of initial pixels of the target obstacle in the reference frame, a co-
tracker (a tracking algorithm) may be used to track the pixel separately, in order to obtain
trajectory points of the pixel in other frame images, and thus obtain trajectory information of each
pixel. These trajectory points serve as the true values of the projected points on the corresponding
frame to be optimized. For example, by tracking trajectories of the pixels, a set of trajectory points
C1 of the target obstacle in a frame A to be optimized is obtained. Then, the CI is used as the true
values of the projected points of the frame A for determining the re-projection error in the future.
[0063] In the embodiment of the present disclosure, through a pixel-level trajectory tracking
technology, the true values of the projected points required for re-projection error can be
automatically determined, which may improve optimization efficiency and accuracy of the target
parameter.

[0064] During implementation, there may be many pixels on the same target obstacle, but in
order to improve the optimization efficiency of the target parameter, it is not necessary for every
pixel to participate in an optimization process of the target parameter. Therefore, during

implementation, the pixels of the target obstacle are sampled in the reference frame to obtain the
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initial pixels of the target obstacle in the reference frame. In this way, in the subsequent
optimization process, some pixels may be omitted to improve the optimization efficiency. In the
embodiment of the present disclosure, considering that the optimization needs the pixels of the
target obstacle, a two-dimensional detection box acquired by the two-dimensional image
detection model may continue to be used to determine the set of initial pixels of the target obstacle
in the reference frame. The implementation method is shown in FIG. 2:

[0065] In step S201, a two-dimensional position box of the target obstacle detected from the
reference frame by a two-dimensional detection model is acquired.

[0066] In step S202, points are uniformly scattered based on the two-dimensional box to obtain
the set of initial pixels of the target obstacle in the reference frame.

[0067] In the embodiment of the present disclosure, a detection result of the two-dimensional
image detection model for the target obstacle is reused to determine the set of initial pixels, which
may improve the optimization efficiency.

[0068] In some embodiments, pixels within the two-dimensional position box may not
necessarily belong to the target obstacle. Therefore, in order to further improve the optimization
accuracy of the target parameter, in the embodiment of the present disclosure may be implemented
as:

[0069] In step S2021, a mask map of the target obstacle in the reference frame is acquired.
[0070] In step S2022, points are uniformly scattered based on the two-dimensional box of the
target obstacle in the reference frame and the mask map, to obtain the set of initial pixels.

[0071] The mask map of the target obstacle is obtained by segmenting the target obstacle from
the reference frame.

[0072] During implementation, a SAM (segment-anything model) may be used to process the
reference frame to obtain the mask map of the target obstacle. By using the segment-anything
model to process the reference frame, it is possible to flexibly, efficiently, and accurately generate
a high-quality segmentation mask, thereby improving quality of the initial pixels and ultimately
improving annotation accuracy of the target obstacle.

[0073] In the case of uniformly scattering points based on the two-dimensional position box
and mask map of the target obstacle in the reference frame, since not all pixels in the two-
dimensional position box are on the target obstacle, the mask map is used to further limit the range
of scattering points, thereby ensuring that each pixel in the initial set of pixel points belongs to
the target obstacle. Among them, the two-dimensional position box can provide the approximate
position and range of the initial pixel points of the target obstacle, improving the efficiency of
point scattering. The mask map can provide a fine boundary of the initial pixel points of the target

obstacle. When used together, the initial pixel point set has a higher confidence level in belonging
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to the target obstacle, ensuring that all tracked pixels belong to the target obstacle and improving
the accuracy of the initial pixel points, thereby enhancing the optimization accuracy of the target
parameters and the annotation accuracy of the target obstacle.
[0074] In some embodiments, implementation of determining the re-projection error may be as
shown in FIG. 3, including:
[0075] In step S301, the set of initial pixels of the target obstacle in the reference frame is
mapped into the frame to be optimized based on the projection relationship, to obtain a set of
projected points of the target obstacle in the frame to be optimized.
[0076] Inthe embodiment of the present disclosure, projecting the target obstacle into the frame
to be optimized may be implemented as steps as shown in FIG. 3:
[0077] Instep S3011, a back-projection operation is performed on the set of initial pixels of the
target obstacle in the reference frame based on a pixel depth parameter, to obtain a first three-
dimensional spatial position of the target obstacle in the camera coordinate system, the pixel depth
parameter is used to represent a depth value of each of the initial pixels in the reference frame.
[0078] A process of the back-projection operation is shown in formula (1):

PtS3q_camera = H(K™ * ptsza,,,,) * PtSaepen (1)
[0079] Inthe formula (1), ptS34 camera 1S the obtained first three-dimensional spatial position
of the target obstacle in the camera coordinate system, H is a homogenization operation, K 1is

a camera intrinsic parameter, pts,q, .. is the set of initial pixles of the target obstacle in the

t
reference frame, ptsgepqn 1S the pixel depth parameter.

[0080] The pixel depth parameter may be determined through the iterations of optimization, so
that providing an initial value for it is sufficient.

[0081] During implementation, in order to improve the optimization efficiency of the target
parameter, a first preset value of pixel depth parameter may be acquired; and random perturbation
is performed on the first preset value to obtain the initial value of the pixel depth parameter.
[0082] In some possible implementations, the first preset value of the pixel depth parameter
may be acquired based on prior knowledge, and then random noise may be added to the first
preset value to achieve random perturbation, such as adding Gaussian noise on the first preset
value, or adding uniformly distributed noise to the first preset value within a certain range to
obtain the initial value of the pixel depth parameter.

[0083] In other possible implementations, a depth value of the target obstacle in any frame
image detected from the three-dimensional detection model may also be used as the first preset
value. A depth value in a frame image close to the reference frame may be preferentially selected,
in order to make the initial pixel depth parameter closer to an actual situation of the reference

frame, thereby improving convergence speed.
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[0084] In the embodiment of the present disclosure, by performing random perturbation on the
initial value of pixel depth parameter, diverse initial values may be generated, enabling the initial
value of pixel depth parameter to better adapt to different frames to be optimized. It can avoid a
problem of getting stuck in a specific local pattern when the initial value is fixed. Moreover, the
initial value after random perturbation may enable the optimization process to proceed in different
initial states, which can improve a generalization ability of the method of automatically annotating
an obstacle provided in the embodiment of the present disclose.
[0085] In step S3012, the first three-dimensional spatial position is converted into the obstacle
coordinate system based on a pose transformation parameter from the camera coordinate system
to the obstacle coordinate system, to obtain a second three-dimensional spatial position.
[0086] That is, the first three-dimensional spatial position of the target obstacle in the camera
coordinate system is converted from the camera coordinate system of the reference frame to the
obstacle coordinate system by using the pose transformation parameter, this process is shown in
formula (2):

PUS3d object = TCiZO * PUS34_camera (2)
[0087] In the formula (2), ptSsg opject 1S the second three-dimensional spatial position in the
obstacle coordinate system, ptSzq cqmerq 1S the first three-dimensional spatial position of the

target obstacle in the camera coordinate system, T¢,, is the pose transformation parameter from

the camera coordinate system to the obstacle coordinate system.
[0088] Inthe embodiment of the present disclosure, for the static target, since the target obstacle

is stationary, T, ,,is a constant, and for the dynamic target, since the target obstacle is moving,
T¢;20 has its own corresponding value in each frame to be optimized.

[0089] It may also be understood that in the case where the target obstacle is the static target,
the target parameter that needs to be optimized in the projection relationship includes the pixel
depth parameter.

[0090] Since the pose transformation parameter is a constant, there is no need to recalculate or
adjust the pose transformation parameter during the optimization process, which allows the
optimization process to focus only on the pixel depth parameter, thereby reducing computational
complexity and required time, and significantly improving optimization efficiency of a static
object.

[0091] Similarly, in the case where the target obstacle is the dynamic target, the pose
transformation parameter is not fixed because the target obstacle is moving. Correspondingly, the
target parameter that needs to be optimized in the projection relationship includes the pixel depth

parameter and the pose transformation parameter. For the dynamic target, by optimizing the pixel
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depth parameter and the pose transformation parameter, a key parameter required to determine
the pose of target obstacle may be accurately obtained to improve the annotation sight distance of
the dynamic target.

[0092] Since the pose transformation parameter needs to be determined by iterations of
optimization for the dynamic target, it is also necessary to provide an initial value for it.

[0093] During implementation, the initial value of the pose transformation parameter may be
obtained by acquiring a second preset value of pose transformation parameter, and performing
random perturbation the second preset value.

[0094] The second preset value is an initial setting for the pose transformation parameter, which
may be obtained through some prior knowledge, experience, or preliminary analysis in a specific
task scenario. Afterwards, random perturbation is performed on the second preset value to obtain
the initial value of the pose transformation parameter.

[0095] In some embodiments, the initial setting of the pose transformation parameter may be

determined by formula (3):

-1
T(?ZC:T\gchOOZW; Tezo = (T(?ZC) (3)

[0096] In the formula (3), T, is an initial setting of a pose transformation relationship
between the obstacle coordinate system and the camera coordinate system at a timepoint of
the reference frame, which is an inverse matrix of the pose transformation parameter
between the camera coordinate system and the obstacle coordinate system, and thus T2,
may be used as the second preset value of the pose transformation parameter that needs to
be optimized, after being optimized, the pose transformation parameter may be obtained by
calculating its inverse matrix; T),. is a position transformation relationship between the
world coordinate system and the camera coordinate system at the timepoint of the reference
frame; T2, is a pose of the obstacle coordinate system relative to the world coordinate
system at the timepoint of the reference frame.

[0097] In the embodiment of the present disclosure, the initial value of the pose
transformation parameter obtained by performing random perturbation on the second preset
value may adapt to different frames to be optimized, thereby avoiding a problem of getting
stuck in a specific local pattern when the initial value is fixed. Moreover, the initial value after
random perturbation may enable the optimization process to proceed in different initial states,
which can improve the generalization ability of the method of automatically annotating an
obstacle provided in the embodiment of the present disclose.

[0098] In step S3013, the second three-dimensional spatial position is projected onto the frame
to be optimized, to obtain the set of projected points.

[0099] Based on the previous explanations, in the obstacle coordinate system established
13



10

15

20

25

30

according to the target obstacle, the positions of the target obstacle in different frames are
consistent. Using the camera intrinsic parameter K to perform a projection operation at any i-th
frame (i.e., any frame to be optimized), to obtain the set of projected points of the target obstacle
at the i-th frame (i.e., the frame to be optimized). The specific implementation method may be
achieved through formula (4):

ptSZd =K * (pts3dobject * TCiZO) (4)

proj

[00100] In the formula (4), PtS2a,,,; is the obtained set of projected points, K is the camera
intrinsic parameter, PtS3d,) ject is the second three-dimensional spatial position of the target

obstacle in the obstacle coordinate system, T, is the pose transformation parameter from the

camera coordinate system to the obstacle coordinate system of the frame to be optimized.
[00101] In the embodiment of the present disclosure, the set of projected points of the reference
frame in the frame to be optimized may be more accurately obtained through the back-projection
and projection operations.

[00102] In step S302, the re-projection error is determined based on the set of projected points
and the true values of the projected points of the frame to be optimized.

[00103] The method of acquiring the true values of the projected points has been explained

earlier, and will not be repeated here. The re-projection error may be shown as formula (5):
lossyrej = Huber(ptSdemj,ptSZd_gt) (5)
[00104] In the formula (5), loss,,,; represents the re-projection error, Huber is a loss

function that combines advantages of a mean square error (MSE) and an absolute error (MAE),

PtS2d,,,,; is the set of projected points of the target obstacle in the frame to be optimized, and

Pts,q g¢ 18 the true values of the projected points of the target obstacle in the frame to be
optimized.

[00105] In the embodiment of the present disclosure, accuracy and reliability of the projection
relationship established based on the current target parameter may be evaluated by comparing a
difference between the set of projected points and the true values of the projected points. In a case
where the re-projection error is small, it indicates that a projection effect reflects a real situation
well, which helps to improve the optimization accuracy of the target parameter and thus improve
accuracy of automatically annotating the pose of the target obstacle.

[00106] In the embodiment of the present disclosure, considering that the depth parameter
PtSgepen Of the pixel may not converge easily, a depth regularization term may be added to ensure
normal convergence of a loss.

[00107] The depth regularization term is used to reduce dispersion degree of depth of each pixel

of the target obstacle. This solves a problem of inaccurate depth estimation of each pixel caused
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by large degree of dispersion in the depth of each pixel of the target obstacle. The depth

regularization term is shown in formula (6):

10SSnorm = Xit1 [IPtSacptn i — mean(ptSaepen) |1 (6)
[00108] In the formula (6), [0SSperm is a loss of the depth regularization term, ptSgepen ; is @
depth value of the i-th pixel in the current pixel depth parameter ptSgepin, mean(ptSgepen) is
a mean value of current depth values of all initial pixels on the target obstacle.
[00109] For example, after n iterations of optimization are completed, depth values obtained
after the n iterations of optimization are used to determine the loss of the depth regularization
term for performing the (n+1)-th iteration of optimization of the target parameter, where n is a
positive integer.
[00110] Afterwards, a total projection loss may be determined based on the re-projection error
and the depth regularization term of the projected points; and the target parameter in the projection
relationship is optimized based on the total projection loss. The total projection loss is shown in
formula (7):

loss = wy * l0SSpyo; + Wy * l0SSporm @)

[00111] In the formula (7), loss is the total projection loss, loss,,,; represents the re-
projection error, w; is a weight coefficient corresponding to the re-projection error, l0SS,orm
is the depth regularization term, and w, is a weight coefficient corresponding to the depth
regularization term.
[00112] In the embodiment of the present disclosure, the re-projection error may measure a
positional difference between projected pixels and actual points (the true values), while the depth
regularization term considers rationality of pixel depth information. By combining the re-
projection error and the depth regularization term to determine the total projection loss, projection
quality may be evaluated more comprehensively and the convergence speed may be improved.
[00113] Overall, for convenience of implementation, the obstacle coordinate system of the target
obstacle may be established based on the world coordinate system.
[00114] The world coordinate system is a globally fixed coordinate system used to describe
positions and poses of all objects in the entire environment. The obstacle coordinate system is a
local coordinate system centered on the target obstacle, used to describe a pose change of the
target obstacle itself. The obstacle coordinate system is established based on the world coordinate
system, which may be established by moving the origin of the world coordinate system to the
position of the obstacle in the world coordinate system.
[00115] For the static target, the pose transformation parameter of the target obstacle from the
camera coordinate system to the obstacle coordinate system of each frame to be optimized is fixed

and invariant. That is, under a normal situation, the target obstacle remains unchanged in the
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world coordinate system.
[00116] But for the dynamic target, due to its mobility, it usually changes in the world coordinate
system. Therefore, the initial value of pose transformation parameter may be superimposed with
a transition term. The transfer term is used to express a relative change of the target obstacle from
the reference frame to the frame to be optimized, and the pose transformation parameter is
optimized by optimizing the transition term.
[00117] That is, the initial value of the pose transformation parameter establishes a relationship
between the dynamic target and the world coordinate system, but this relationship will change
with movement of the dynamic target. Therefore, in the embodiment of the present disclosure,
this change may be expressed in the transfer term for optimization. When optimizing the pose
transformation parameter, only a parameter in the transition term needs to be optimized. For the
i-th frame, which is the frame to be optimized, the relationship between the obstacle coordinate
system and the camera coordinate system is shown in formula (8):

To2c=Twz2cTozw (8)
[00118] In the formula (8), T!,, is an inverse matrix of the pose transformation parameter
corresponding to the i-th frame, which is the frame to be optimized, T},. is a pose
transformation from the world coordinate system of the target obstacle to the camera coordinate
system at a timepoint of the i-th frame, T},,, is a pose transformation (i.e., the transition term)
of the obstacle coordinate system relative to the world coordinate system at the time point of the
i-th frame, which may be determined by a pose of the i-th frame. Finally, based on a result of the
formula (3) at the timepoint of the reference time, an inverse matrix of the position transformation

parameter superimposed the transition term may be initialized as expression (9):

Roo Rop Rop Va* At

Rio Ri1 Riz V, x At 9)
R,o,R,; R
20 f21 Koz A g
0 0 0 1
Roo Ro1 Ro2
[00119] Rio Ry1 Ry, represents a rotation, and may be determined by TOOZC in the formula
Ry0 Ry1 Ry

(3).

[00120] V, represents a velocity component of the target obstacle in a x direction, V), represents
a velocity component of the target obstacle in a y direction; V, represents a velocity component
of the target obstacle in a z direction, (0 0 0 1) represents a homogenization operation, and At

represents a time difference between the frame to be optimized and the reference frame.

[00121] It may be understood that after optimizing the pose transformation relationship
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corresponding to the formula (9), solving its inverse matrix may obtain the optimized position
transformation parameter.

[00122] In the embodiment of the present disclosure, the obstacle coordinate system is
established based on the world coordinate system, which can more conveniently describe and
track the movement of the dynamic target. By superimposing the transition term on the initial
value of the pose transformation parameter, it is possible to flexibly and conveniently describe a
movement change of the dynamic target between different frames, thereby improving the
efficiency of automatic annotation.

[00123] In the embodiment of the present disclosure, for the static target, a detection result
obtained by performing target detection on the sequence of frames to be processed by the two-
dimensional image detection model may be acquired, and a candidate object belonging to a target
category is selected as the target obstacle based on the detection result.

[00124] The two-dimensional image detection model is typically based on deep learning
technology, such as a convolutional neural network (CNN). The CNN has an ability to
automatically extract image features. By combining convolutional layers, pooling layers, and
fully connected layers, the CNN may learn and classify various targets in input images. During
implementation, the Yolo model may be used as the two-dimensional image detection model.
[00125] For each frame image in the sequence of frames to be processed, the two-dimensional
image detection model performs independent processing and outputs a position of each detected
candidate object in the image, the position is represented in a form of the two-dimensional
position box. The two-dimensional position box information may include parameters such as a
center point, a size, a category, detection confidence level, a tracking ID (Identification), and the
like. Afterwards, based on the detection result, the candidate object belonging to the target
category may be selected as the target obstacle. For example, some obstacles that are too small in
size are filtered out, and a static target that cannot be accurately detected by the conventional 3D
detection model from remaining candidate objects or a static target of a new category is taken as
the target obstacle in the embodiment of the present disclosure. Specifically, such as a low-rise
stone pillar, a lamp post, and the like.

[00126] In the embodiment of the present disclosure, acquiring the detection result obtained by
performing the target detection on the sequence of frames to be processed by the two-dimensional
image detection model can efficiently and accurately obtain a static object category that needs to
be annotated, thereby facilitating automatic detection of such static target in this category by
optimizing the target parameter in the projection relationship. This method, combined with the
three-dimensional detection model, can effectively improve detection efficiency of the target

obstacle. In the field of autonomous driving, it is possible to improve the annotation sight distance,
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increase static target types that may be automatically annotated, and overcome shortcomings of
the three-detection detection model that cannot automatically annotate sparse or low-rise
obstacles.

[00127] In some embodiments, in the case where the the target obstacle is the dynamic target,
the target pose of the target obstacle is determined based on the pose transformation parameter in
the optimized target parameter, the camera intrinsic parameter, and the three-dimensional position
box of the target obstacle in the reference frame, which is shown in formula (10):

obj; = (0bjinit * Te;20) * Tozc; (10)

[00128] In the formula (10), obj; is the target pose of the frame to be optimized, obj,i; is the
three-dimensional frame detected based on the three-dimensional detection model from the

reference frame, T, is the optimized pose transformation parameter, and Ty, is obtained by
performing the inverse operation on the optimized T¢,5,.

[00129] In the embodiment of the present disclosure, the target pose of the target obstacle in the
frame to be optimized may be estimated by the three-dimensional position frame of the reference
frame. With respect to a case where the sight distance of the frame to be optimized is far and the
point cloud is sparse, the annotation sight distance and annotation effect for the dynamic target
may be improved.

[00130] Correspondingly, in the case where the target obstacle is the static target, the initial
pixels of the target obstacle in the reference frame are converted into the camera coordinate
system based on the optimized target parameter, to obtain a first point group of the target obstacle
in the camera coordinate system; and the first point group is processed by using a planar
estimation method, to obtain the target pose of the target obstacle in the reference frame.
[00131] Determining the target pose of the target obstacle by using the planar estimation method
may be implemented by first performing a denoising operation on the first point group of the
target obstacle in the camera coordinate system to remove noises in the first point group and
obtain a first set of intermediate points. The denoising operation may remove outliers and
optimize quality of the first point group. Then, for the first set of intermediate points, the random
sampling consensus (RANSAC) algorithm may be used to estimate inliers, planes, and normal
vectors of the first set of intermediate points, thereby estimating a center point, an angle, and a
size of the static target to obtain its target pose in the reference frame.

[00132] In the embodiment of the present disclosure, for the static target, the target pose of the
target obstacle in the reference frame may be determined through plane estimation to achieve
automatic annotation of the static target.

[00133] In order to further improve detection efficiency of the target obstacle in other frames,

target poses of the target obstacle in other frames may also be obtained based on a global back-
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projection strategy. Specifically, it can be implemented as follows:

[00134] The target pose of the target obstacle in the reference frame is converted to a pose of the
target obstacle in a target frame by using the global back-projection strategy.

[00135] The target frame is the frame to be optimized or an image frame that requires estimating
the pose of the target obstacle other than the frame to be optimized.

[00136] That is, positions of all points of the target obstacle in the three-dimensional space are
optimized through the aforementioned object-based beam adjustment method, and a size, an
orientation, and a position of the target obstacle are estimated by using plane estimation. Then,
through pose transformation, such as transformation from the world coordinate system to the
camera coordinate system, the pose of the target obstacle in each target frame is obtained.
[00137] In the target frame, the size and the position of the target obstacle may be directly
obtained from the world coordinate system, while the orientation may be determined by a camera
pose.

[00138] Inthe embodiment of the present disclosure, for a static target having a far sight distance,
improvement of the sight distance may be achieved through the global back-projection strategy.
[00139] In some embodiments, after obtaining the target pose of the target obstacle in each frame
image, a trajectory of the target obstacle may be tracked based on target poses of the target
obstacle in different frame images to obtain trajectory information of the target obstacle.

[00140] The method for automatically annotating an obstacle provided in the embodiment of the
present disclosure may serve as an auxiliary tool for the three-dimensional detection model.
Therefore, during implementation, the target pose may be obtained separately using the three-
dimensional detection model, and for a target obstacle that cannot be detected by the three-
dimensional detection model, automatic annotation may be achieved by using the method
provided in the embodiment of the present disclosure. Regardless of the method, the target pose
of the target obstacle will be obtained. Results of the two methods are summarized to obtain the
target pose of the target obstacle at all timepoints. Afterwards, the trajectory of the target obstacle
is tracked in the world coordinate system based on target tracking technology and Kalman
filtering technology, to associate front and rear frame images where the target obstacle is located,
and obtain the trajectory information of the target obstacle.

[00141] Kalman filtering may predict the position and velocity of the target obstacle and make
a correction based on observed data. This is very effective in dealing with occlusion or noise
interference, and can improve accuracy of tracking.

[00142] In target tracking, Kalman filtering is used to model a moving trajectory of the target
obstacle. By modeling the movement of the target obstacle, Kalman filtering may predict a

position of the target obstacle in real time at a next moment.
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[00143] In summary, Kalman filtering is a very important tool in the field of target tracking,
which significantly improves performance and robustness of target tracking by providing accurate
state prediction and correction.

[00144] In the embodiment of the present disclosure, by tracking the trajectory of the target
obstacle, the trajectory of the target obstacle at different frame times may be analyzed in depth,
thereby providing data basis for subsequent use.

[00145] In the embodiment of the present disclosure, after obtaining the trajectory information
of the target obstacle, a two-dimensional detection result may be associated with a three-
dimensional detection result, mainly for correcting a category of the three-dimensional detection
model. For example, three-dimensional position boxes of some frames in the trajectory
information are detected based on the three-dimensional detection model, and their categories
may have errors. During implementation, for a frame to be corrected in the trajectory information,
a three-dimensional position box of the target obstacle in the frame to be corrected is determined
based on a two-dimensional position box of the target obstacle in the frame to be corrected, the
two-dimensional position box is obtained by detecting the target obstacle by the two-dimensional
image detection model; a classification result of the three-dimensional position box of the frame
to be corrected is corrected based on a classification result of the two-dimensional position box.
[00146] The three-dimensional position box of the frame to be corrected is a result detected by
the three-dimensional detection model. If classification accuracy of the three-dimensional
detection model is lower than that of the two-dimensional image detection model, there may be
errors in its classification. Therefore, for the target obstacle in the same frame to be corrected, the
two-dimensional position box obtained by the two-dimensional image detection model may be
compared with the three-dimensional position box obtained by the three-dimensional detection
model to obtain the Intersection over Union (IoU) of the two-dimensional position box and the
three-dimensional position box. If the IoU meets a preset condition, it is confirmed that the three-
dimensional position box corresponding to the two-dimensional position box in the same frame
to be corrected belongs to the same target obstacle.

[00147] Afterwards, a classification category of the two-dimensional position box may be
associated with a classification category of the three-dimensional position box to obtain category
information for consistent trajectory generation. That is, in a case where a detection category of
the three-dimensional position box is inconsistent with a detection category of the two-
dimensional position box, the classification result of the three-dimensional position box is
corrected based on the classification result of the two-dimensional position box. It may be
implemented as obtaining categories of two-dimensional position boxes of the target obstacle in

different frame images, and selecting a category having a classification confidence level greater
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than a confidence level threshold as a final category of the target obstacle. If there is a plurality
of categories each having the classification confidence level greater than the confidence level
threshold, a category with the highest average classification confidence level will be prioritized
as the final category.

[00148] If the category of the three-dimensional position box is inconsistent with the final
category, the category of the three-dimensional position box may be corrected to the final category.
[00149] In the embodiment, the classification result of three-dimensional position box in the
frame to be corrected is corrected based on the classification result of two-dimensional position
box. When the two-dimensional and three-dimensional detection results are inconsistent, the two-
dimensional detection result may be used to correct the three-dimensional detection result,
thereby improving accuracy of target obstacle detection.

[00150] In the embodiment of the present disclosure, false detection may also be filtered by
determining a confidence level of trajectory information. The confidence level is determined
based on at least one of the confidence level of the two-dimensional position box of the target
obstacle identified by the two-dimensional image detection model, an occlusion rate of the target
obstacle, or the IoU between the two-dimensional position box and the three-dimensional position
box of the target obstacle; and the trajectory information is determined as a false detected
trajectory in a case where the confidence level is less than a target threshold.

[00151] The confidence level of the two-dimensional position box of the target obstacle
recognized by the two-dimensional image detection model is an evaluation index of accuracy of
the two-dimensional position box detected by the two-dimensional image detection model.
[00152] The occlusion rate of the target obstacle represents a degree to which the target obstacle
is obstructed by other objects in each frame. During implementation, an occlusion situation in the
current frame may be determined by combining a historical trajectory of the target obstacle.
[00153] The IoU is an IoU between the two-dimensional position box detected by the two-
dimensional image detection model and the three-dimensional box detected by the three-
dimensional detection model for the target obstacle mentioned above.

[00154] During implementation, the confidence level of the trajectory information of the target
obstacle may be calculated by using a weighted average method. A weight coefficient of each
type of information may be adjusted according to actual needs.

[00155] If the confidence level of the trajectory information is greater than the set threshold, it
is considered as a valid trajectory. Otherwise, it may be the false detected trajectory. The false
detected trajectory is filtered out, and the valid trajectory is remained.

[00156] In the embodiment of the present disclosure, the confidence level of the trajectory

information is determined based on at least one of the confidence level of the two-dimensional
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position box, the occlusion rate, or the IoU, when these multiple types of information are fused,
reliability of object detection can be evaluated from multiple perspectives, resulting in a higher
confidence level of the trajectory. Taking into account these factors comprehensively may more
accurately locate a real target obstacle and avoid treating a false detected target obstacle as the
real target obstacle.

[00157] In summary, taking the field of autonomous driving as an example, the method for
automatically annotating an obstacle provided in the embodiment of the present disclosure may
improve the sight distance of annotating the obstacle, as shown in FIG. 4:

[00158] In step S401, a point cloud frame or BEV frame is acquired.

[00159] In step S402, the acquired point cloud frame or BEV frame is input into a corresponding
three-detection model.

[00160] The point cloud frame adopts a three-dimensional detection model corresponding to a
point cloud, such as DSVT (Dynamic Sparse Voxel Transformer). A two-dimensional BEV adopts
a three-dimensional detection model corresponding to the two-dimensional BEV, such as PETR
(Position Embedding Transformation and Refinement).

[00161] In step S403, an initial three-dimensional box bbox_3d of the target obstacle is outputted
from the three-dimensional detection model, including information such as a three-dimensional
center point, an orientation, a size, and a category of the obstacle.

[00162] In step S404, the BEV frame is inputted into a two-dimensional image detection model.
[00163] In step S405, two-dimensional boxes (bbox_2d) of candidate obstacles are outputted
from the two-dimensional image detection model, including information such as two-dimensional
center points, sizes, categories, and confidence levels of the obstacles.

[00164] In step S406, obstacles whose two-dimensional boxes have a size smaller than a preset
size are filtered out from the candidate obstacles, and the static target of the target category is
selected from the remaining candidate obstacles as the target obstacle to request a BA service to
optimize the target parameter in the projection relationship, achieving transformation from
bbox_2d to bbox_3d.

[00165] That is, the target pose of the target obstacle in the reference frame may be obtained
through the optimization process of the projection relationship described by the aforementioned
formulas, and the target poses of the target obstacle in other frames may be obtained through the
global back-projection strategy.

[00166] In step S407, after obtaining bbox_3d of all frames, the target tracking module may use
Kalman filtering and target tracking technology to correlate the target obstacle in different frames,
thereby obtaining the trajectory information of the target obstacle.

[00167] In step S408, the category of target obstacle in bbox_3d is corrected based on correlation
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between two-dimensional and three-dimensional detection results, to obtain the category
information for consistent trajectory generation.

[00168] Besides, not only may the static target achieve automatic annotation and improvement
of the sight distance, but the embodiment of the present disclosure can also improve the annotation
sight distance of the dynamic target.

[00169] For example, in step S409, a missed-detection frame in which the 3D detection model
misses detection of the dynamic target in the point cloud frame or BEV frame may be determined,
and the missed-detection frame is taken as the frame to be optimized. For example, it may be
determined whether there is a missed detection based on continuous detection of the three-
dimensional position box of the same target obstacle.

[00170] If it is a missed detection of the point cloud frame, the BEV frame collected
synchronously with the point cloud frame may be obtained to achieve improvement of the sight
distance for the dynamic target. If it is a missed detection of the BEV frame, the improvement of
the sight distance for the dynamic target may be achieved on the basis of the BEV frame.
Specifically, for the missed-direction frame, the most recent BEV frame from which the pose is
detected by the three-dimensional detection model may be selected as the reference frame, then
the BA service is requested to be called for optimization based on the trajectory information of
the initial pixels in the reference frame and the two-dimensional position box.

[00171] In step S410, the BA service is requested to optimize the projection relationship based
on the reference frame to obtain the optimized pose transformation parameter and the pixel depth
parameter, and then the target pose of the dynamic target in the frame to be optimized is obtained
based on the position transformation parameter.

[00172] In step S411, the false detected trajectory information is filtered out based on a missed-
detection filtering module.

[00173] In step S412, an annotation result is outputted.

[00174] Overall, a BA service optimization process is shown in FIG. 5, which includes a
preprocessing module, an optimization module, and an output module.

[00175] The preprocessing module may perform preprocessing on a received request to obtain
following request information, which mainly includes 8 types:

[00176] (1) A dynamic and static identification, which used to indicate whether the request is for
the dynamic target or the stationary target. This identification affects an optimization process of
OCBA, that is, whether the optimized target parameter includes the pose transformation
parameter;

[00177] (2) An obstacle list, which is represented in a form of obstacle trajectory IDs, the list

serves as a key to correspond one-to-one with subsequent information. During implementation, a
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plurality of target obstacles may be requested to be annotated, and this list stores the obstacles
that need to be automatically annotated.

[00178] (3) A starting frame (i.e., the reference frame), which marks which frame each obstacle
starts being optimized from. During implementation, a frame with a significant feature is selected
as the reference frame for the target obstacle;

[00179] (4) A two-dimensional box of the starting frame, which marks the two-dimensional
position box of the target obstacle in the starting frame;

[00180] (5) An optimize direction, which marks whether the target obstacle is optimized forward
or backward;

[00181] (6) The number of frames to be optimized, which marks how many frames of the target
obstacle are involved in the optimization process;

[00182] (7) Pose information, which includes a pose transformation matrix from the coordinate
system camera to the world coordinate system, a transformation matrix from a camera to a radar,
and the like;

[00183] (8) OCBA related parameter settings, such as a timing length, a depth noise variance, a
matrix variance, and the like.

[00184] As described above, the timing length is used to reduce occupation of resources, and the
timing length is less than or equal to the number of frames to be optimized. The depth noise
variance is used to perform random perturbation on the initial value of the pixel depth. The depth
noise variance may include a mean value and a variance of a Gaussian distribution, in order to
randomly sample and generate noise from the Gaussian distribution to perform random
perturbation on the depth parameter of the pixel. Matrix variance is used to perform random
perturbation on the pose transformation parameter.

[00185] After obtaining the reference frame in the sequence to be processed, the target obstacle
is segmented by using the SAM model to obtain the mask map of the target obstacle. Then, points
are uniformly scattered based on the two-dimensional box and the mask map of the target obstacle,
to obtain the initial pixels of the target obstacle.

[00186] Next, based on the initial pixels of the target obstacle, the co-tracker is used to track
these pixels, thereby obtaining a series of trajectory information of the initial pixels in each frame
to be optimized. The trajectories of these tracked pixels are used as a truth value of a pixel in the
frame to be optimized of OCBA to optimize the relevant target parameter.

[00187] The optimization module includes a Datal.oader, an OCBA Optimizer, and a Visualizer.
The DatalLoader provides data for each optimization, and after the optimization is completed,
visualization is used for effect verification.

[00188] The DatalLoader provides a pixel position pts,q4 ini¢ Of a two-dimensional pixel in the
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reference frame, a true value pts,, 4+ of the two-dimensional pixel in the frame to be optimized,
the camera intrinsic parameter K, the initial value ptsgep:n Of the pixel depth parameter, and the
initial value T,,, of the pose transformation parameter from the camera coordinate system to the
obstacle coordinate system.

[00189] The optimization of the Optimizer is a continuous iterative optimization process. Firstly,
the initial pixel point pts,q jnie, the camera intrinsic parameter K, and the pixel depth parameter
PtSgepen are used for perform back-projection operation to obtain a back-projection result
PtS34 camera> Which is a corresponding three-dimensional spatial position point of the initial two-
dimensional pixel of the target obstacle in the reference frame in the camera coordinate system.
[00190] Next, the three-dimensional spatial position point is converted from the camera
coordinate system of the reference frame to a point ptssq opject in the obstacle coordinate
system by using T 2,. Since the point of the obstacle in the obstacle coordinate is consistent,
the point may be directly converted from an object coordinate system to a point in the camera
coordinate system of any i-th frame by using T ,. Meanwhile, utilizing the intrinsic parameter
K to perform an projection operation at any i-th frame, in order to obtain a two-dimensional pixel

coordinate of the obstacle at the i-th frame. A two-dimensional pixel position PtS2a,,.,; of each

pixel of the initial frame in other frames is obtained through OCBA.

[00191] Furthermore, the re-projection error is used to optimize this process, while considering
that ptsgepen 1s difficult to converge, the deep regularization term is added to ensure normal
convergence of the loss.

[00192] In the end, the entire OCBA optimization process is achieved through loss back-
propagation and gradient descent update, resulting in the optimized ptSgepen and Tepo.

[00193] The Visualizer in FIG. 5 may more intuitively display the optimized annotation result,
such as display the automatically annotated bbox_3d in a two-dimensional image of a low-rise
stone pillar.

[00194] In the output module, for the static target, a back-projection result ptS3q camerq May
be obtained by the optimized ptSgepe, and parameters sets such as pts,g inie, K,Te2, and the
like. Then, based on plane estimation, the target pose of the static target obstacle may be obtained.
During implementation, the corresponding pixel depth parameters ptSgep, for all two-
dimensional pixels of the target obstacle may be obtained. Through the back-projection operation
of the formula (1), the three-dimensional spatial position of the point group of the target obstacle
in the camera coordinate system may be obtained. A denoising algorithm such as DBSACN is
used to denoise and remove outliers from these points. Then, the RANSAC algorithm is used to

estimate interior points, planes, and normal vectors of these point groups, thereby achieving
25



10

15

20

25

30

35

estimation of the center point, the angle, and size of the static target. For other frames, since the
global position of the static obstacle is consistent, the current target obstacle position may be
projected back to other frames through the global back-projection strategy, that is, the obstacle in
the current frame may be converted to a global coordinate system (i.e. the world coordinate
system) and then to each frame, thereby effectively achieving annotation of the static obstacle.

[00195] For the dynamic target, the target pose of the dynamic target in the optimized frame is

obtained based on the optimizedT;,,,, the three-dimensional box o0bji,;; detected from the

reference frame based on the three-dimensional detection model, and the parameter sets such as
PtS2q init> K, Te20, Objinie and the like.
[00196] In summary, the solution proposed in the present disclosure addresses limitations of
existing radar scanning ranges and automatic annotating schemes, achieving an improvement in
static target detection and dynamic target annotation sight distance that do not rely on the three-
dimensional detection model, which may support annotation of various static targets such as a
low-rise stone pillar, a lamp post, and the like, while also extending the annotation sight distance
of the dynamic target to a greater distance. These annotation data may be used to drive a BEV
obstacle detection model at a vehicle end, greatly enhancing a model annotation ability and
enabling a main vehicle to avoid obstacles in a timely manner.
[00197] Based on the same technical concept, the embodiment of the present disclosure further
provides an apparatus for automatically annotating an obstacle 600, as shown in FIG. 6, it includes:
an optimization module 601 which configured to optimize a target parameter in a projection
relationship based on a re-projection error, the projection relationship is used to project a target
obstacle from a reference frame onto a frame to be optimized, and satisfies a constraint in which
positions of the target obstacle in different frames are consistent in an obstacle coordinate system
established according to the target obstacle; and

a determination module 601 configured to determine a target pose of the target obstacle

based on the optimized target parameter.
[00198] In some embodiments, the optimization module includes:

a projection unit configured to map a set of initial pixels of the target obstacle in the
reference frame into the frame to be optimized based on the projection relationship, to obtain a
set of projected points of the target obstacle in the frame to be optimized; and

an error determination unit configured to determine the re-projection error based on the set
of projected points and true values of the projected points of the frame to be optimized.

[00199] In some embodiments, the optimization module includes:

a loss determination unit configured to determine a total projection loss based on the re-

projection error and a depth regularization term of the projected points; and
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an optimization unit configured to optimize the target parameter in the projection
relationship based on the total projection loss.

[00200] In some embodiments, the depth regularization term is used to reduce dispersion degree
of depth of each pixel of the target obstacle.

[00201] In some embodiments, for the frame to be optimized, the true values of the projected
points required for the re-projection error are determined based on a pixel-level trajectory tracking
method.

[00202] In some embodiments, the projection unit includes:

a back-projection subunit configured to perform a back-projection operation on the set of
initial pixels of the target obstacle in the reference frame based on a pixel depth parameter, to
obtain a first three-dimensional spatial position of the target obstacle in a camera coordinate
system, the pixel depth parameter is used to represent a depth value of each of the initial pixels in
the reference frame;

a conversion subunit configured to convert the first three-dimensional spatial position into
the obstacle coordinate system based on a pose transformation parameter from the camera
coordinate system to the obstacle coordinate system, to obtain a second three-dimensional spatial
position; and

a projection subunit configured to project the second three-dimensional spatial position onto
the frame to be optimized, to obtain the set of projected points.

[00203] In some embodiments, in a case where the target obstacle is a static target, the target
parameter comprises the pixel depth parameter.

[00204] In some embodiments, in a case where the target obstacle is a dynamic target, the target
parameter comprises the pixel depth parameter and the pose transformation parameter.

[00205] In some embodiments, the optimization module includes:

a first acquisition unit configured to acquire a first preset value of the pixel depth parameter;
and

a first perturbation unit configured to perform random perturbation on the first preset value
to obtain an initial value of the pixel depth parameter.

[00206] In some embodiments, the optimization module includes:

a second acquisition unit configured to acquire a second preset value of the pose
transformation parameter; and

a second perturbation unit configured to perform random perturbation on the second preset
value to obtain an initial value of the pose transformation parameter.

[00207] In some embodiments, the obstacle coordinate system is established based on a world

coordinate system,
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in the case where the target obstacle is the dynamic target, the pose transformation
parameter is the initial value of the pose transformation parameter superimposed with a transition
term, the transition term is used to express a relative change of the target obstacle from the
reference frame to the frame to be optimized, and the pose transformation parameter is optimized
by optimizing the transition term.
[00208] In some embodiments, the projection unit is specifically configured to:

acquire a two-dimensional position box of the target obstacle detected from the reference
frame by a two-dimensional detection model; and

uniformly scatter points based on the two-dimensional position box to obtain the set of
initial pixels of the target obstacle in the reference frame.
[00209] In some embodiments, the projection unit is specifically configured to:

acquire a mask map of the target obstacle in the reference frame; and

uniformly scatter points based on the two-dimensional box of the target obstacle in the
reference frame and the mask map, to obtain the set of initial pixels.
[00210] In some embodiments, the projection unit is specifically configured to:

segment the target obstacle from the reference frame by using a segmentation-anything
model, to obtain the mask map of the target obstacle.
[00211] In some embodiments, the projection unit is specifically configured to:

select, based on an object feature of the target obstacle, an image in which saliency of the
object feature satisfies a preset condition from a sequence of frames to be processed, as the
reference frame.
[00212] In some embodiments, the projection unit is specifically configured to:

acquire an optimization direction, in a case where the target obstacle is a static target; and

select the frame to be optimized from a sequence of frames to be processed based on the
reference frame and the optimization direction.
[00213] In some embodiments, the projection unit is specifically configured to:

acquire a frame image in which detection of the target obstacle is missed by a three-
dimensional detection model as the frame to be optimized, in a case where the target obstacle is
a dynamic target, the three-dimensional detection model is used for performing target detection
on a point cloud or a two-dimensional image to obtain the target pose of the target obstacle.
[00214] In some embodiments, the projection unit is specifically configured to:

preferentially select a frame closest to the frame to be optimized and contains the target
obstacle as the reference frame, in the case where the target obstacle is the dynamic target.
[00215] In some embodiments, the projection unit is specifically configured to:

acquire a detection result obtained by performing target detection on a sequence of frames
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to be processed by a two-dimensional image detection model; and

select a candidate object belonging to a target category as the target obstacle based on the
detection result.
[00216] In some embodiments, the reference frame and the frame to be optimized each is a bird's-
eye view during autonomous driving.
[00217] In some embodiments, a trajectory tracking module is further included, which is
configured to:

track a trajectory of the target obstacle based on target poses of the target obstacle in
different frame images, to obtain trajectory information of the target obstacle.
[00218] In some embodiments, a correction module is further included, which is configured to:

for a frame to be corrected in the trajectory information, determine a three-dimensional
position box of the target obstacle in the frame to be corrected based on a two-dimensional
position box of the target obstacle in the frame to be corrected, wherein the two-dimensional
position box is obtained by detecting the target obstacle by a two-dimensional image detection
model; and

correct a classification result of the three-dimensional position box of the frame to be
corrected based on a classification result of the two-dimensional position box.
[00219] In some embodiments, a filtering module is further included, which is configured to:

determine a confidence level of the trajectory information, the confidence level is
determined based on at least one of a confidence level of a two-dimensional position box of the
target obstacle identified by a two-dimensional image detection model, an occlusion rate of the
target obstacle, or an intersection-over-union between the two-dimensional position box and a
three-dimensional position box of the target obstacle; and

determine the trajectory information is a false detected trajectory in a case where the
confidence level is less than a target threshold.
[00220] In some embodiments, the determination module is specifically configured to:

determine the target pose of the target obstacle in the frame to be optimized based on a pose
transformation parameter in the optimized target parameter, a camera intrinsic parameter and a
three-dimensional position box of the target obstacle in the reference frame, in a case where the
target obstacle is a dynamic target.
[00221] In some embodiments, the determination module is specifically configured to:

convert initial pixels of the target obstacle in the reference frame into a camera coordinate
system based on the optimized target parameter, to obtain a first point group of the target obstacle
in the camera coordinate system, in a case where the target obstacle is a static target; and

process the first point group by using a planar estimation apparatus, to obtain the target pose

29



10

15

20

25

30

35

of the target obstacle in the reference frame.
[00222] In some embodiments, the determination module is further configured to:

convert the target pose of the target obstacle in the reference frame to a pose of the target
obstacle in a target frame by using a global back-projection strategy,

the target frame is the frame to be optimized or an image frame that requires estimating the
pose of the target obstacle other than the frame to be optimized.
[00223] Descriptions to specific functions and examples of each unit in the apparatus according
to the embodiment of the present disclosure may refer to related descriptions to corresponding
steps of the above method embodiments, and will not be repeated here
[00224] In the technical solution of the present disclosure, acquisition, storage and application
of a user’s personal information involved are all in compliance with provisions of relevant laws
and regulations, and do not violate public order and good customs.
[00225] According to an embodiment of the present disclosure, the present disclosure further
provides an electronic device, a readable storage medium and a computer program product.
[00226] FIG. 7 shows a schematic block diagram of an exemplary electronic device 700 that
may be used to implement the embodiments of the present disclosure. The electronic device is
intended to represent various forms of digital computers, such as a laptop, a desktop, a workstation,
a personal digital assistant, a server, a blade server, a mainframe computer, and other suitable
computers. The electronic device may also represent various forms of mobile devices, such as a
personal digital processing, a cellular phone, a smart phone, a wearable device and other similar
computing devices. The components shown herein, their connections and relationships, and their
functions are merely examples, and are not intended to limit the implementation of the present
disclosure described and/or required herein.
[00227] As shown in FIG. 7, the device 700 includes a computing unit 701 that may perform
various appropriate actions and processes according to a computer program stored in a Read-Only
Memory (ROM) 702 or a computer program loaded from a storage unit 708 into a Random Access
Memory (RAM) 703. Various programs and data required for an operation of the device 700 may
also be stored in the RAM 703. The computing unit 701, the ROM 702 and the RAM 703 are
connected to each other through a bus 704. An input/output (I/O) interface 705 is also connected
to the bus 604.
[00228] A plurality of components in the device 700 are connected to the I/O interface 705, and
include an input unit 706 such as a keyboard, a mouse, or the like; an output unit 707 such as
various types of displays, speakers, or the like; the storage unit 708 such as a magnetic disk, an
optical disk, or the like; and a communication unit 709 such as a network card, a modem, a

wireless communication transceiver, or the like. The communication unit 709 allows the device
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700 to exchange information/data with other devices through a computer network such as the
Internet and/or various telecommunication networks.

[00229] The computing unit 701 may be various general-purpose and/or special-purpose
processing components with processing and computing capabilities. Some examples of the
computing unit 701 include, but are not limited to, a Central Processing Unit (CPU), a Graphics
Processing Unit (GPU), various dedicated Artificial Intelligence (AI) computing chips, various
computing units that run machine learning model algorithms, a Digital Signal Processor (DSP),
and any appropriate processors, controllers, microcontrollers, or the like. The computing unit 701
performs various methods and processing described above, such as the method for automatically
annotating an obstacle. For example, in some implementation, the method for automatically
annotating an obstacle may be implemented as a computer software program tangibly contained
in a computer-readable medium, such as the storage unit 708. In some implementations, a part or
all of the computer program may be loaded and/or installed on the device 700 via the ROM 702
and/or the communication unit 709. When the computer program is loaded into RAM 703 and
executed by the computing unit 701, one or more steps of the method for automatically annotating
an obstacle described above may be performed. Alternatively, in other embodiments, the
computing unit 701 may be configured to perform the method for automatically annotating an
obstacle by any other suitable means (e.g., by means of firmware).

[00230] Various implements of the system and technologies described above herein may be
implemented in a digital electronic circuit system, an integrated circuit system, a Field
Programmable Gate Array (FPGA), an Application Specific Integrated Circuit (ASIC), an
Application Specific Standard Product (ASSP), a System on Chip (SOC), a Complex
Programmable Logic Device (CPLD), a computer hardware, firmware, software, and/or a
combination thereof. These various implementations may include being implemented in one or
more computer programs, and the one or more computer programs may be executed and/or
interpreted on a programmable system including at least one programmable processor. The
programmable processor may be a special-purpose or general-purpose programmable processor,
may receive data and instructions from a storage system, at least one input device, and at least
one output device, and transmit the data and the instructions to the storage system, the at least one
input device, and the at least one output device.

[00231] Program codes for implementing the method of the present disclosure may be written in
any combination of one or more programming languages. The program codes may be provided
to a processor or controller of a general-purpose computer, a special-purpose computer or other
programmable data processing devices, which enables the program codes, when executed by the

processor or controller, to cause the functions/operations specified in the flow diagram and/or
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block diagram to be implemented. The program codes may be completely executed on a machine,
partially executed on the machine, partially executed on the machine as a separate software
package and partially executed on a remote machine, or completely executed on the remote
machine or a server.

[00232] In the context of the present disclosure, a machine-readable medium may be a tangible
medium, which may contain or store a procedure for use by or in connection with an instruction
execution system, device or apparatus. The machine-readable medium may be a machine-
readable signal medium or a machine-readable storage medium. The machine-readable medium
may include, but is not limited to, an electronic, magnetic, optical, electromagnetic, infrared or
semiconductor system, device or apparatus, or any suitable combination thereof. More specific
examples of the machine-readable storage medium may include electrical connections based on
one or more lines, a portable computer disk, a hard disk, a Random Access Memory (RAM), a
Read-Only Memory (ROM), an Erasable Programmable Read-Only Memory (EPROM or a flash
memory), an optical fiber, a portable Compact Disc Read-Only Memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable combination thereof.

[00233] In order to provide interaction with a user, the system and technologies described herein
may be implemented on a computer that has: a display apparatus (e.g., a cathode ray tube (CRT)
or a Liquid Crystal Display (LCD) monitor) for displaying information to a user; and a keyboard
and a pointing device (e.g., a mouse or a trackball) through which the user may provide input to
the computer. Other types of apparatuses may also be used to provide interaction with the user.
For example, feedback provided to the user may be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback), and the input from the user may be received in
any form (including an acoustic input, a voice input, or a tactile input).

[00234] The system and technologies described herein may be implemented in a computing
system including a back-end component (which serves as, for example, a data server), or in a
computing system including a middleware component (which serves as, for example, an
application server), or in a computing system including a front-end component (e.g., a user
computer with a graphical user interface or a web browser through which the user may interact
with the implementation of the system and technologies described herein), or in a computing
system including any combination of the back-end component, the middleware component, or the
front-end component. Components of the system may be connected to each other through digital
data communication in any form or medium (e.g., a communication network). Examples of the
communication network include a Local Area Network (LAN), a Wide Area Network (WAN),
and the Internet.

[00235] A computer system may include a client and a server. The client and the server are
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generally far away from each other and usually interact with each other through the
communication network. A relationship between the client and the server is generated by
computer programs running on corresponding computers and having a client-server relationship
with each other. The server may be a cloud server, a distributed system server, or a blockchain
server.

[00236] It should be understood that, steps may be reordered, added or removed by using various
forms of the flows described above. For example, respective steps recorded in the present
disclosure may be performed in parallel, in sequence, or in different orders, as long as a desired
result of the technical scheme disclosed in the present disclosure can be realized, which is not
limited herein.

[00237] The foregoing specific implementations do not constitute a limitation on the protection
scope of the present disclosure. Those having skill in the art should understand that, various
modifications, combinations, sub-combinations and substitutions may be made according to a
design requirement and other factors. Any modification, equivalent replacement, improvement or
the like made within the principle of the present disclosure shall be included in the protection

scope of the present disclosure.
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What is claimed is:
1. A method for automatically annotating an obstacle, comprising:

optimizing (S101) a target parameter in a projection relationship based on a re-projection
error, the projection relationship is used to project a target obstacle from a reference frame onto a
frame to be optimized, and satisfies a constraint in which positions of the target obstacle in
different frames are consistent in an obstacle coordinate system established according to the target

obstacle; and

determining (S102) a target pose of the target obstacle based on the optimized target

parameter.

2. The method of claim 1, further comprising:
determining the re-projection error, by:

mapping (S301) a set of initial pixels of the target obstacle in the reference frame into
the frame to be optimized based on the projection relationship, to obtain a set of projected

points of the target obstacle in the frame to be optimized; and

determining (S302) the re-projection error based on the set of projected points and true

values of the projected points of the frame to be optimized;

wherein for the frame to be optimized, the true values of the projected points required

for the re-projection error are determined based on a pixel-level trajectory tracking method;

wherein the reference frame and the frame to be optimized each is a bird's-eye view

during autonomous driving.

3. The method of claim 1 or 2, wherein optimizing the target parameter in the projection

relationship based on the re-projection error comprises:

determining a total projection loss based on the re-projection error and a depth regularization

term of the projected points; and

optimizing the target parameter in the projection relationship based on the total projection

loss;

wherein the depth regularization term is used to reduce dispersion degree of depth of each

pixel of the target obstacle.
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4. The method of claim 2, wherein mapping the set of initial pixels of the target obstacle in
the reference frame into the frame to be optimized based on the projection relationship, to obtain

the set of projected points of the target obstacle in the frame to be optimized, comprises:

performing (S3011) a back-projection operation on the set of initial pixels of the target
obstacle in the reference frame based on a pixel depth parameter, to obtain a first three-
dimensional spatial position of the target obstacle in a camera coordinate system, the pixel depth

parameter is used to represent a depth value of each of the initial pixels in the reference frame;

converting (S3012) the first three-dimensional spatial position into the obstacle coordinate
system based on a pose transformation parameter from the camera coordinate system to the

obstacle coordinate system, to obtain a second three-dimensional spatial position; and

projecting (S3013) the second three-dimensional spatial position onto the frame to be

optimized, to obtain the set of projected points;

wherein in a case where the target obstacle is a static target, the target parameter comprises
the pixel depth parameter; and in a case where the target obstacle is a dynamic target, the target

parameter comprises the pixel depth parameter and the pose transformation parameter;

wherein the obstacle coordinate system is established based on a world coordinate system;
and in the case where the target obstacle is the dynamic target, the pose transformation parameter
is the initial value of the pose transformation parameter superimposed with a transition term, the
transition term is used to express a relative change of the target obstacle from the reference frame
to the frame to be optimized, and the pose transformation parameter is optimized by optimizing

the transition term.

5. The method of claim 4, further comprising:
determining an initial value of the pixel depth parameter, by:
acquiring a first preset value of the pixel depth parameter; and

performing random perturbation on the first preset value to obtain the initial value of

the pixel depth parameter.

6. The method of claim 4, further comprising:

determining an initial value of the pose transformation parameter, by:
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acquiring a second preset value of the pose transformation parameter; and

performing random perturbation on the second preset value to obtain the initial value

of the pose transformation parameter.

5 7. The method of claim 2, further comprising:
determining the set of initial pixels of the target obstacle in the reference frame, by:

acquiring (S201) a two-dimensional position box of the target obstacle detected from

the reference frame by a two-dimensional detection model; and

uniformly scattering (S202) points based on the two-dimensional position box to

10 obtain the set of initial pixels of the target obstacle in the reference frame;

preferably, uniformly scattering points based on the two-dimensional box to obtain the

set of initial pixels of the target obstacle in the reference frame comprises:
acquiring (S2021) a mask map of the target obstacle in the reference frame; and

uniformly scattering (S2022) points based on the two-dimensional box of the target

15 obstacle in the reference frame and the mask map, to obtain the set of initial pixels;

preferably, acquiring the mask map of the target obstacle in the reference frame

comprises:

segmenting the target obstacle from the reference frame by using a segmentation-

anything model, to obtain the mask map of the target obstacle.

20
8. The method of any one of claims 1 to 7, further comprising:
determining the reference frame, by: selecting, based on an object feature of the target
obstacle, an image in which saliency of the object feature satisfies a preset condition from a
sequence of frames to be processed, as the reference frame.
25
9. The method of any one of claims 1 to 8, further comprising:
determining the frame to be optimized, by:
acquiring an optimization direction, in a case where the target obstacle is a static target;
and
30 selecting the frame to be optimized from a sequence of frames to be processed based
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on the reference frame and the optimization direction.

10. The method of any one of claims 1 to 8, further comprising:

determining the frame to be optimized, by: acquiring a frame image in which detection of
the target obstacle is missed by a three-dimensional detection model as the frame to be optimized,
in a case where the target obstacle is a dynamic target, the three-dimensional detection model is
used for performing target detection on a point cloud or a two-dimensional image to obtain the

target pose of the target obstacle;

wherein a frame closest to the frame to be optimized and contains the target obstacle is
preferentially selected as the reference frame, in the case where the target obstacle is the dynamic

target.

11. The method of claim 1, further comprising:
determining the target obstacle, by:

acquiring a detection result obtained by performing target detection on a sequence of

frames to be processed by a two-dimensional image detection model; and

selecting a candidate object belonging to a target category as the target obstacle based

on the detection result.

12. The method of claim 1, further comprising:

tracking a trajectory of the target obstacle based on target poses of the target obstacle in

different frame images, to obtain trajectory information of the target obstacle;

for a frame to be corrected in the trajectory information, determining a three-dimensional
position box of the target obstacle in the frame to be corrected based on a two-dimensional
position box of the target obstacle in the frame to be corrected, wherein the two-dimensional
position box is obtained by detecting the target obstacle by a two-dimensional image detection

model; and

correcting a classification result of the three-dimensional position box of the frame to be

corrected based on a classification result of the two-dimensional position box.
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13. The method of claim 12, further comprising:

determining a confidence level of the trajectory information, the confidence level is
determined based on at least one of a confidence level of a two-dimensional position box of the
target obstacle identified by a two-dimensional image detection model, an occlusion rate of the
target obstacle, or an intersection-over-union between the two-dimensional position box and a

three-dimensional position box of the target obstacle; and

determining the trajectory information is a false detected trajectory in a case where the

confidence level is less than a target threshold.

14. The method of claim 1, wherein determining the target pose of the target obstacle based

on the optimized target parameter comprises:

determining the target pose of the target obstacle in the frame to be optimized based on a
pose transformation parameter in the optimized target parameter, a camera intrinsic parameter
and a three-dimensional position box of the target obstacle in the reference frame, in a case where

the target obstacle is a dynamic target.

15. The method of claim 1, wherein determining the target pose of the target obstacle based

on the optimized target parameter comprises:

converting initial pixels of the target obstacle in the reference frame into a camera coordinate
system based on the optimized target parameter, to obtain a first point group of the target obstacle

in the camera coordinate system, in a case where the target obstacle is a static target;

processing the first point group by using a planar estimation method, to obtain the target

pose of the target obstacle in the reference frame; and

converting the target pose of the target obstacle in the reference frame to a pose of the target

obstacle in a target frame by using a global back-projection strategy;

wherein the target frame is the frame to be optimized or an image frame that requires

estimating the pose of the target obstacle other than the frame to be optimized.
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