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FIG. 5

Obtaining a LiDAR point cloud image around a base 
station

Identifying one or more objects in the first LiDAR 
point cloud image

510

520

Determining one or more locations of the one or 
more objects in the first LiDAR point image

Generating a second LiDAR point cloud image 
based on the locations and the 3D shapes of the 

one or more objects

530

540
Generating a 3D shape for each of the one or more 

objects

550
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FIG. 6A

FIG. 6B

FIG. 6C
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FIG. 7

Obtaining a first camera image

identifying the one or more objects and the locations 
of the one or more objects

710

720

Generating and marking 2D representations of 3D 
shapes of the one or more objects in the camera 

image

730
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FIG. 8

Obtaining a 2D shape of the one or more target 
objects in the first camera image

Correlating the first camera image with the first 
LiDAR point cloud image

810

820

Generating 2D representations of 3D shapes of the 
target objects based on the 2D shapes of the target 
objects and the correlation between the LiDAR point 

cloud image and the first camera image

830

Generating a second camera image by marking the 
one or more target objects in the first camera image 
based on their 2D representations of 3D shapes and 

the identified location in the first camera image

840
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FIG. 9A

FIG. 9B
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FIG. 10
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FIG. 11

Obtaining coordinates of a plurality of points in the 
LiDAR point cloud image

Removing uninterested points from the plurality of 
points according to their coordinates

1110

1120

Clustering the remaining points in the plurality of 
points in the LiDAR point cloud image into one or 
more clusters based on a point cloud clustering 

algorithm

1130

Selecting at least one of the one or more clusters as 
a target cluster

1140
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FIG. 12E

FIG. 12A FIG. 12B

FIG. 12C FIG. 12D
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FIG. 13

Determining a preliminary 3D shape of the object

Adjusting at least one of parameters including a 
height, a width, a length, a yaw, or an orientation of 
the preliminary 3D shape to generate a 3D shape 

proposal

1310

1320

Calculating a score of a loss function of the 3D 
shape proposal

1330

Does the score of the 3D 
shape proposal satisfy a 

preset condition?

1340

Determining the 3D shape proposal as the 3D 
shape of the object

1360

Yes

No
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FIG. 14D

FIG. 14A FIG. 14B

FIG. 14C
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FIG. 15

Obtaining a first radar image around a base station

Identifying the one or more objects in the first radar 
image

1510

1520

Determining one or more locations of the one or 
more objects in the first radar image

1530

Generating a 3D shape for each of the one or more 
objects in the first radar image

1540

Generating a second Radar image by marking the 
one or more objects in the first Radar image based 
on the locations and the 3D shapes of the one or 

more objects in the first Radar image

1550

Fusing the second Radar image and the second 
LiDAR point cloud image to generate a 

compensated image

1560
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FIG. 16
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FIG. 17

Obtaining two first LiDAR point cloud images around 
a base station at two different time frames

Generating two second LiDAR point cloud images 
based on the two first LiDAR point cloud images

1710

1720

Generating a third LiDAR point cloud image at a third 
time frame based on the two second LiDAR point 

cloud images by an interpolation method

1730
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FIG. 18
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