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ABSTRACT 

Since the advent of industrial robots, the pattern of industrial production has changed 

a lot. With the complexity of industrial scenes and the diversity of tasks, the traditional 

six-degree-of-freedom industrial robot can no longer fully meet the needs. Compared 

with the traditional 6-DOF manipulator, the dual-arm 7-DOF robot with redundant 

joints has better fault tolerance, flexibility and obstacle avoidance ability, which also 

improves the working efficiency of the manipulator. Dual-arm cooperation also greatly 

improves the working ability of the robot, and the cooperative control of the dual-arm 

robot becomes an important part. The development of robot application involves the 

numerical calculation of the bottom layer, the development of the upper layer and the 

position control of the robot, which is a tedious process. Therefore, it is of great 

application value to study the cooperative motion trajectory planning of dual-arm robot 

and the robot application development process. In this thesis, the 7-DOF dual-arm 

cooperative robot is taken as the research object, and its kinematics analysis, 

cooperative motion planning, ROS-based controller development method and other 

contents are studied as follows: 

Firstly, the kinematics modeling and analysis of dual-arm robot based on DH 

modeling are studied. Aiming at the seven-DOF dual-arm cooperative robot studied in 

this thesis, the DH modeling method was used to model the kinematics of the 

manipulator arm, and the forward kinematics equation was established by using the 

homogeneous transformation matrix. The inverse kinematics of the robot was solved by 

a method based on redundancy parameters. The results of kinematics analysis are 

simulated and verified with the help of MATLAB robot toolbox. The verification results 

show that the method used in this paper is correct. 

Secondly, the research of cooperative motion control algorithm of dual-arm robot 

based on constraint preserving algorithm is studied. Aiming at the problem of trajectory 

planning in the case of two-arm cooperation, two common trajectory planning 

principles in the case of non-cooperative Cartesian space are firstly discussed. Then, 

based on constraint preserving theory, the two-arm constraint preserving relation is 

derived for two kinds of cooperation cases. 

Thirdly, the development method of robot control system based on ROS is studied. 

After the basic operation principle of ROS is systematically described, the trajectory 
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IV 

planning method deduced above is simulated and verified by ROS platform and 

development tools. 

Finally, the development of communication interface between robot servo control 

system and ROS based on PC controller is studied. In this part, the communication 

network and PC control interface development of robot servo control system based on 

EthereCat bus are described, the ROS communication interface development scheme is 

analyzed, and the communication interface design between ROS and PC controller is 

completed. 

KEYWORDS: Dual-arm cooperative robot; Seven degrees of freedom; Cooperative 

trajectory planning; Robot operating system; Communication interface 
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2.1 DH

Table 2.1 DH parameters of the robot 
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2.2

Table 2.2 Verification of forward kinematics analysis results of robots 

i� ° m MATLAB m

[0 0 0 0 0 0 0] 0 0 0.1518  0 0 0.152  

[30 -50.6 20 0 -10 50.6 20.5] -0.0129 0.0359 0.1534  -0.013 0.036 0.153  

[40 30.6 -35 20 35 -46.5 58.4] (0.0583 0.0557 0.2198) (0.058 0.056 0.220) 

[-45 -45 -7.5 105 -7.5 -52.5 97.5] 0.2410 -0.3111 0.1994  0.241 -0.311 0.199  

[-58.6 20.8 7.5 -100 -90 -30 47.5] -0.2809 0.2892 0.4102  -0.281 0.289 0.410  

[28.4 -16.8 -20 82 -80.5 25 -26.5] 0.3529 0.1097 0.3449  0.353 0.110 0.345  
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Fig 2.5 MATLAB robot teaching interface 
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2.6 MATLAB

Fig 2.6 Linear motion planning of manipulator based on MATLAB 

 

2.7

Fig 2.7 Angle change curve of each joint during linear motion planning of manipulator 

MATLAB

(0.20,0.30,0.35)sP (0.25,0.10,0.45)rP (0.32,-0.25,0.10)tP

2.8 2.9

7�

3� 5�

万方数据



 

 18 

 

2.8 MATLAB  
Fig 2.8 Arc motion planning of manipulator based on MATLAB 

2.9  
Fig 2.9 Angle change curve of each joint during circular arc motion planning of manipulator 
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Fig 3.1 Solving the coordinates of interpolation points in circular arc planning 
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