
1/17

12

10
20

8

FIG. 1



2/17

FIG. 2

Acquire trajectory data and satellite image, 

each including on a same road segment

Generate image channels based on the 

trajectory data

Based on the satellite image and the 

trajectory image channels, classify the road 

segment by a trained classifier to obtain a 

road attribute 

classify includes fusing satellite image and 

the trajectory image channels

140

130

120

110

100



3/17

110

Generate trajectory image channel based on 

the trajectory data

Generate bearing image channel based on 

the trajectory data

Generate speed image channel based on the 

trajectory data

116

113

111

Concatenate image channel

118

FIG. 3



4/17

110

Generate bearing image channel based on 

the trajectory data

Generate speed image channel based on the 

trajectory data

116

113

FIG. 5

FIG. 4



5/17

Kernel smoothing of concatenated 

trajectory image

131

130

Rotate the concatenated trajectory image 

and/or the satellite image until the road 

segment of both images are in parallel

133

Input the satellite image and the 

concatenated trajectory image into the 

trained classifier to obtain a road attribute 

135

FIG. 6



6/17

Fuse the satellite image and the 

concatenated trajectory image thereby 

generating a fused image

136

135.1

Input the fused image into a neural network 

of the classifier

137

Input each of the satellite image and the 

concatenated trajectory image into a 

respective stream of a neural network of the 

classifier

138

135.2

Fusing the streams by a fully connected 

layer of the neural network of the classifier

into a single stream

139

FIG. 7

FIG. 8



7/17

FIG. 9

rot

62

S0 OUT132,34

40

62

S1
FC1 OUT1

61

FIG. 10

64

61
64

32,34

40 S2

FS1

60

60

fu
se

r



8/17

F
IG

. 
1
1

Conv, 64, 3×3, 2×2

Batch Norm.

ReLU

Max Pool., 3×3, 2×2

Conv, 128, 3×3, 2×2

Batch Norm.

ReLU

Max Pool., 3×3, 2×2

Conv, 256, 3×3, 1×1

ReLU

Max Pool., 3×3, 2×2

FC, 256

ReLU

FC, Class Num

Softmax

×
3

×
2

Road Attribute Predictions

3
4

4
0

2
0

1
2

0
2

2
0

3

2
0

4

2
0

5

2
0

0



9/17

FIG. 12A

FIG. 12B



10/17

R
e

co
rd

e
d

 

p
o

si
ti

o
n

s

M
e

d
iu

m
 

sm
o

o
th

in
g

S
tr

o
n

g
e

r 

sm
o

o
th

in
g

F
IG

. 
1
3
A

F
IG

. 
1
3
B

F
IG

. 
1
3
C

C
P

U

3
1

0
3

2
0

3
3

0

3
4

0
3

5
0

3
6

0

3
0

1

3
0

0

F
IG

. 
1
4



11/17

F
IG

. 
1
6

F
IG

. 
1
5



12/17

F
IG

. 
1
7
A

F
IG

. 
1
7
B



13/17

F
IG

. 
1
8



14/17

FIG. 19A

FIG. 19B



15/17

FIG. 19C



16/17

F
IG

. 
2
0

F
IG

. 
2
1



17/17

F
IG

. 
2
2

F
IG

. 
2
3


