
2025 3000

2021

1

2

3

1

1

2

1 AR

AR code Augmented Reality 

code AR

15*15*4

AR

2

AR

AR 6 8

2.4

DOI



AR

3

1 AR

AR

AR ROS AR

AR P1 x1 y1 z1

AR

AR P2 x2 y2 z2

P0 x0 y0 z0

P2

x y y

z z x

AR P1 AR

P2

� �
2 1 0

2 2 2 2 1 0

2 1 0

2 ,y ,z

x

y

z

x z x C
P x y x y C

z y z C

� � � �
�

� � � ��
�

� � �	
Cx Cy Cz

AR P2

AR P2

P2

2

AR P2

P2

4

z 4 4

4

P2

R 1, 2, 3, 4

R 4 1 1

x1,y1 z1 2

2 x2,y2

2 3 3

3 4

4 4

L1 1 L2 2 L3

3 L4 4

D-H 4 D-H

1

i-1 i

1i
iT




1

1 1 1 11

1 1 1 1

0

0 0 0 1

i i i

i i i i i i ii
i

i i i i i i i

c s l
s ca c ca sa sa d

T
s sa c sa ca ca d

� �
� �
� �





 
 
 




 
 
 



� 

� �
 
� ��
� �
� �
� �

s sin s sin c cos c

cos

0

4T J

Q

mm mm

1 l1 a1 d1 1

2 l2 a2 d2 2

3 l3 a3 d3 3

4 l4 a4 d4 4



11 12 13

3 3 3 121 22 230 0 1 2 3

4 1 1 2 2 3 3 4

1 331 32 33

( ) ( ) ( ) (
0 1

0 0 0 1

x

y

z

j j j q
J Qj j j q

T T T T T
j j j q

� � � �� �

�

� �
� � � �� �� � �� �� � � �
� �
� �

1i
iT


 1 1i
iT


 

 

1

0 1 0 1 2 3

1 4 2 2 3 3 4 4( ) ( ) ( )T T T T T� � �
 �

1

1 1 1, 180
y

x

q
arcaan

q
� � �

� 

� � � �� �

� �

2 3 4
1

2T  
2

3T  

2 3 4

E 4 4

3 1 2 1 1 1 0 1 0

4 3 2 1 4T T T T T E
 
 
 
 �
2 3 4

33
234 234 234

1 13 1 23

arctan , 180
j

c j s j
� � �

� �
� 


� � � �� ��� �
R

R 4

AR

3

d

dmax q

d

m

max ,0 1d m d m� � � �

1

2

TX2

4

2

2

Ubuntu 18.04

ROS melodic

Python 2.7.14 Anaconda

5.3.1 Pycharm 11.0 Python

Qt 5.15.3 Qt Python
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3

3

100 10

NVIDIA  JETSON TX2 1

150 150 cm 1

13.3 1

VKESSM-A3 1

VKESSM-A2 3

1080P 1

15 1

2kg 1

DC 12V 1

150 90 mm 1
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