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START

END

Painting semantic scores onto depth map to generate VKI
S34

Obtaining depth map
S32

Obtaining camera image and lidar point-cloud information
S31

FIG. 3
3/7

Performing semantic segmentation process on camera image
to obtain semantic scores of each pixel

S33

S35
Performing feature extracting process on VKI and lidar
point-cloud information to obtain multiple VKI features

and multiple lidar point-cloud information features

S36
Using VIFF model to perform BEV feature fusion process on

multiple VKI features and multiple lidar point-cloud information
features upon 2D plane to generate first bounding box

information corresponding to target object

S37
Using VIFF model to perform ROI feature fusion process on

multiple VKI features and multiple lidar point-cloud information
features upon 3D space to generate second bounding box
information that describes first bounding box information

S38
Using VIFF model to combine first bounding box information

with second bounding box information to output detection
result that describes target object
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START

END

Performing spatial-attention process on multiple processed
features to generate multiple fused BEV features

S53

S51

Performing dimensionality reduction process on multiple
lidar point-cloud information 3D features and multiple VKI
3D features to obtain multiple lidar point-cloud information

FIG. 5

S52

Concatenating multiple lidar point-cloud information 2D
features with multiple VKI 2D features along channel

dimension to generate multiple concatenated features,

5/7

Generating first bounding box information based on multiple
fused BEV features

S54

and performing channel-attention process on multiple
concatenated features to generate multiple

2D features and multiple VKI 2D features

processed features



S65

Performing first cross-attention process on first value vector, first
key vector, and second query vector to generate third vector

representation, and performing second cross-attention process on

Performing max pooling process on third vector representation,
fourth vector representation, and output of second frequency

second value vector, second key vector, and first query vector to

to obtain second vector representation

Performing second self-attention
process on multiple VKI 3D features

S63

representation to generate first

Performing first frequency
self-attention process on first vector

S62

Performing first self-attention process
on multiple lidar point-cloud

S61

FIG. 6

information 3D features to obtain first

6/7

S66

self-attention process to generate first output

Concatenating first output of max pooling process with output of first
frequency self-attention process to generate fused 3D ROI features

S67

Generating second bounding box information based on fused BEV
features and/or first bounding box information and fused 3D ROI S66

features

generate fourth vector representation

vector representation

first value vector
query vector, first key vector, and

vector representation to generate

Performing second frequency
self-attention process on second

S64

vector, and second value vector
second query vector, second key
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