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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

S101

Determine a target pose of the target obstacle based on the optimized 

target parameter

S102

 

FIG. 1 

 

Acquire a two-dimensional position box of the target obstacle detected 

from the reference frame by a two-dimensional detection model

S201

Uniformly scattered points based on the two-dimensional box to obtain 

the set of initial pixels of the target obstacle in the reference frame

S202

Acquire a mask map of the target obstacle in the reference frame

S2021

Uniformly scattered 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

S2022
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Map 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 a set of projected points of the target 

obstacle in the frame to be optimized

S301

Determine the re-projection error based on the set of projected 

points and the true values of the projected points of the frame to 

be optimized

S302

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 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

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

S3011

S3012

Project the second three-dimensional spatial position onto the 

frame to be optimized, to obtain the set of projected points

S3013
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Point cloud frame BEV frame

Point cloud or BEV inputted 

into corresponding three-

detection model

Two-dimensional image 

detection model

bbox_3d (3D center point, 

orientation, size, and 

category of obstacle)

bbox_2d (2D points, sizes, 

categories, and confidence 

levels of obstacles)

Request BA service 

(annotation of static target)

Filtering out 

type to be 

annotated

Target tracking module

bbox_3d+trajectory

2D-3D correlation module

bbox_3d+trajectory+bbox_2d

Request BA service 

(annotation of dynamic target)

Missed-detection filtering 

module

Output annotation result

S401

S402
S404

S405

S403
S406

S407

S408

S409

S410

S411

S412
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FIG. 5 

 

Apparatus for annotating an 

obstacle 600

Optimization module 601

Determination 602
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Receiving request information:
1.Dynamic and static identification 
2.Obstacle list
3.Starting frame
4.Two-dimensional box of starting 
frame
5.Optimize direction
6.Number of frames to be optimized
7.Pose information
8.OCBA related parameter settings

SAM 
segment

Co-tracker 
inference

Initial pixels

Preprocessing

DataLoader
1.2D pixel of start frame
2.Ture value of 2D pixel 
of frame to be optimized
3.Camera intrinsic 
parameter
4.Depth value of point 
5.Initial value of pose 
transformation parameter 
from camera coordinate 
system to obstacle 
coordinate system

Visual-
ization

Object-Centric BA optimization

Optimizer (BA process)

Initial 
pixels 
Camera 
intrinsic 

parameter 
Pixel depth 
parameter

3D spatial 
position 

point

Point in obstacle 
coordinate 

system

2D pixel 
coordinate

Dynamic 
and static 

identification 
Obstacle list

Output

Pose after optimizing

3D box detected from 
reference frame based on 

3D detection model

Parameter sets

Depth value after 
optimizing

Pose of dynamic target of 
frame to be optimized

Dynamic and static 
identification Obstacle list

Pose of static 
target

OCBA service

Dynamic

Static

Plane 
estimation

Initial 
pose

Camera intrinsic 
parameter

Pose to be 
optimized

True value 
of 2D pixel 
coordinate

Re-
projection 

error

Iterations of optimization
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Computing unit ROM RAM

I/O interface 

Input unit Storage unitOutput unit
Communication 

unit
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